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This  report  delineates  the  efforts  undertaken  to  determine  if  there  is  a  need  for  a 
standard  that  limits  the  maximum  mounted  horsepower  on  recreational  boats.  ‘A  defini¬ 
tion  of  a  powering  related  accident  is  derived  and  presented  in  the  form  of  a  decision 
tree.  The  steps  taken  to  collect  a  data  base,  and  an  explanation  of  the  computer 
model  designed  to  aid  in  organizing  and  analyzing  the  data  are  presented  with  tne 
results  of  tne  analyses.  An  evaluation  of  the  current  standard's  effectiveness  in 
predicting  powering  related  accidents  is  presented  along  with  a  list  of  possi bl e  alter¬ 
native  approaches  to  saving  the  lives  of  boaters  involved  in  powering  related  accident's. 
Conclusions  drawn  from  the  data  analysis  are  presented  with  recommended  considerations 
tor  future  studies.  Results  of  tne  study  indicate  tnat  there  are  a  significant  number 
of  lives  '.over  ICO)  lost  eacn  vear  because  of  powering  related  accidents.'  These  results 
indicate  tnat  there  is  a  need  for  a  powering  standard.  Powering  accident  mecnani  srrs 
were  identified,  and  detailed  accident  scenarios  were  developed  for  fata',  accidents 
within  the  data  base.  The  data  indicate  that  the  current  standard  predicts  the  high 
risk  and  fataitw  probability  for  johiiDoats  which  have  high  ratios  of  mounted  ncrse- 
power  divided  Lv  formula  rated  horsepower,  but  is  not  a  good  predictor  for  other 
boat  types  currently  being  manufactured.  The  standard  seems  to  be  less  effective  for 
newer  boats  with  larger  horsepower  engines.  The  data  also  indicate  regional  di  fferences 
in  fatality  rates,  accident  types,  and  accident  probabilities  with  the  Southeast  be  i  ng 
the  highest  risk  region.  A  list  of  alternatives  that  need  further  investigation  in 
future  effort  is  presented  with  cost/benefit  predictions  for  some  of  the  more  viable 
approaches . 
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PREFACE 


The  evaluation  of  currently  existing  USCG  promulgated  standards  at  a  point  in 
time  subsequent  to  their  effective  date  is  desirable  to  understand  the  changes 
created  within  the  recreational  boating  environment  and  to  determine  if  the 
intended  effects  are  being  generated.  Tnis  project  was  initiated  to  determine 
if  the  safe  powering  standard  meets  its  intended  purpose,  i.e.,  reducing  the 
loss-of-life  risks  for  recreational  boaters. 
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A  STUDY  TO  DETERMINE  THE  NEED  FOR  A  STANDARD 
LIMITING  THE  HORSEPOWER  OF  RECREATIONAL  BOATS 


1.0  INTRODUCTION/ BACKGROUND  AND  SUMMARY 


1.1  Background  " 

Over  the  past  several  years,  much  has  been  accomplished  in  the  Coast  Guard's  Boating 
Safety  Program.  Among  other  things,  standards  have  been  promulgated  in  the  areas 
of  safe  loading,  powering,  and  flotation.  Each  of  these  areas  is  now  being  re-  • 

evaluated/analyzed  to  determine  whether  the  existing  standards  should  be  revised 
and/or  continued.  This  effort  concerns  itself  with  the  evaluation  of  the  current 
powering  standard  formula  that  has  been  in  effect  since  November  1972  and  the 
identification  of  Dossible  alternatives  for  reducing  the  number  of  fatalities  • 

associated  with  powering  related  accidents  in  recreational  boats. 

v^ring  tne  late  1960‘s  and  early  1 9 7C ' s ,  the  Boating  Industry  Association  and  industry 
representatives  made  several  attempts  to  establish  a  viable  industry  standard  for  • 

'sare  oowerino"  of  outboard  boats.  The  results  of  this  effort  was  an  industry  stan¬ 
dard  K^own  as  Project  H-26  of  the  American  Boat  and  Yacht  Council's  (ABYC)  "Safety 
Standards  for  Small  Craft."  Project  H-26  (Powering  of  Boats)  defines  a  "formula"  and 
a  "test  course"  method  for  establishing  the  maximum  horsepower  for  recreational  boats.  » 

Over  a  period  from  197?  to  1975  the  Coast  Guard  expended  considerable  effort  in 
adaption  tne  industry  standards  to  a  federal  standard.  The  first  (now  existing) 
standard  promulgated  by  tne  Coast  Guard  was  modeled  after  the  ABYC  Formula  Method,  9 

and  became  effective  in  late  1972.  Concurrently,  researcn  was  being  performed  by 
' e  LaooMtones,  for  the  Coast  Guard,  toward  obtaining  a  "performance"  standard 
to  supplement  or  replace  the  Formula  Standard  (Reference  1).  The  report  documents 
research  a  no  analysis  of  various  test  courses,  boat/motor  combinations,  ana  • 

several  projects  which  were  aimed  at  defining  an  appropriate  test  course  for  out- 

oGd rd  God  i  t, . 


As  a  result  of  this  performance  study,  and  of  Coast  Guard  analysis  or  boating  acci¬ 
dent  da*a,  further  work  in  tnis  area  was  suspended  pending  the  establishment  or  a 
-•geed  tor  a  powering  standard  and/or  the  establ  ishment  of  a  more  appropriate  standard 
ir,  terms  of  safety.  Tne  effort  reported  on  nerein  was  intended  to  determine  this 
need  ano  ro  urovde  the  basis  for  suen  need  using  previous  research,  boating  acci- 
den-  data,  analysis  of  exist'. na  powering  standard  effectiveness;  and  ueteirn no 
wnet'-er  ,<  •  mw  regal  j- ion  would  t>e  more  erfe-,.* 've  in  reducinc  powering  related 
a  i  ,i  o  e  r  i  s  . 


i  of  me  previous  work  has  been  directed  toward  a  solution  (test  course)  which 
medicated  upon  the  assumption  that  a  "safely"  nowered  boat  must  be  capable  of 
mting  specific  maneuvers  without  exhibiting  undesirable  instability  cnaracter- 
i Cs  unde-  full  throttle.  Many  discussions  nave  resulted  over  this  definition. 
1-throttle  stability  is  certainly  needed  in  some  situations  to  avoid  loss-of- 
tr-ol  accidents.  However,  this  is  not  the  only  type  of  powering  related  accident 
,  therefore,  net  the  only  characteristic  that  should  be  considered.  Otner 
racter i s i tes  are  even  more  desirable  when  we  address  the  question  of  "What  is 
3 *e  boat?" 

definition  of  a  safe  boat  (underway)  could  be  the  following: 

"A  boat  is  safe  under  full  throttle  if,  in  the  process  of  transacting  a 
specific  maneuver  or  operational  mode,  tne  operator  has  adequate  warning  of 
an  insafe  condition  or  imminently  threatening  hazard,  such  that  corrective 
action  can  be  taken  in  time  to  avoid  its  further  development." 

ted  differently,  "a  safe  boat  ‘fails'  gracefully  (becomes  unsafe  in  a  slow 
gression}"  as  far  as  stability/maneuvering  goes. 

id  •  t  i  on  to  developing  a  more  viable  definition  than  this,  the  principal  purpose 
m is  phase  of  the  safe  powering  program  is  to  furnish  technical  information  and 
i,>-nt  data  analysis  to  aid  Coast  Guard  management  in  making  the  decisions  con¬ 
ned  in  •'  i  pure  1  -1 . 

a  near,  i  te  the  aoove  ends,  we  have  proceeded  to: 

define  i  "powering  related"  boating  accident. 

wete-m;  .ne  tne  frequency  of  occurrence  of  powering  related  accidents 
i rd  predominant  "accident  mechanisms"  (or  common  event-cause  combinations). 

.  .  ,.r  ,  ite  me  effectiveness  of  the  present  formula  in  predicting  boater 


gent i fv  possiole  alternative  nethoos  for  reducinq  me  number  of  fatalities 
.i '  •  inq  from  newer  related  accidents. 


i  .  tv  ,  '  derations 

"  researcn  (Reference  2}  perfor  >-ed  .t’y  1  e  Laooratories ,  Coast  Goa*-  :  . r-no^se 
earcn  and  otner  contractors,  it  is  apparent  tnat  the  "boat/envi ronmert/operator 
tern"  presents  a  very  complicated  set  of  interactions. 

type  of  boat  noli  nas  unique  underway  character!  sti  cs .  As  speed  is  increased 
*  cientl y ,  any  boat  will  eventually  reacn  its  thresnold  of  instability,  wnether 
>  nr  straight  anead  mode.  The  present  idea,  then,  is  to  limit  power  such 

'  tne  stability  threshold  cannot  be  reached.  Herein  lies  tne  problem.  There 
no  convenient  method  whereby  the  threshold  stability  speed  can  be  predicted  and 
isequeritly  no  convenient  way  of  establishing  the  safe  horsepower  applicable  to  a 
'en  boat.  Obviously,  it  can  be  done  for  a  particular  boat  if  enodgh  money  is 
’*!'<ied.  Tms  effort  would  be  very  costly  and,  for  the  average  boat  builder,  it 
.1  ;  be  "ir  beyond  his  capability. 

'  ■■■■■•'  null  */oes  are  common:  flatbottom,  shallow  to  deep  V,  rounded  chine, 

■  *  '  ■ '.i.-U'M  1  ,  etc.  Each  of  these  null  types  has  a  seemingly  endless  variety  of 

:  1  :..ii  shapes  and,  consequent!  y ,  a  variety  of  performance  cha  racteri  sti  cs  . 

■ mm,,  sore  of  these  shapes  perform  better  than  others  at  high  speeds  or  in 
11  .afoot*  nr.  ionn  boats  have  severe  maneuvering  problems  at  speeds  around 
■  ot  t s ;  general ly ,  the  V  null  family  can  take  speeds  in  the  40  knot  range 
nar.dle  fairly  we  i  1  and  make  reasonably  well-banked  (cuordi nateai  turns; 

..  ....  ' ar  ’  ) /  ever  17  reet  in  lenath  usually  has  enough  drag  that  speeds  much 
■  'ts  are  difficult  to  obtain  regardless  of  the  horsepower.  Turns  at  high 
i n  w  njl i  coats  are  very  "flat"  and,  as  a  result,  can  produce  hign  lateral 
''  ••  ‘  ;ra  on  occupants.  It  is  apparent  that  tne  stability/handling  cnaracter- 

—  '  typical  recreational  boats  are  a  function  of  speed  and  boat  type. 

w- ,  went  of  a  revised  formula  or  a  performance  powering  standard  will  be 
‘■■"tv:  and  costly.  Therefore,  the  Coast  Guard  must  be  assured  that  such 
vent  •,  warranted. 


:  .•  ons  n-W'in,  tne  pr^eot  standard  is  providing  little  reduction 
'  ■  i-.'  i  ier  t  • .  ;r  wever ,  r  no  ••>*',<  ting  standara  is  very  inexpensive 
vs:  *?'  * ,  .inn  consul- *r  ;  c  ~  rec  1 1  y ; .  Simply  stated,  the  total 
'  .  r.--,  i , :o  ted  wi  to  r  i!  eclating  *ne  no rse power  capacity 

inn  a:>-i:nc  -ne  :r,j*  vf'  mat  capacity  -  easily  less  t r a r. 


v  ; :  -  Prel  v-inarv  I  dent;  f ication  of  Alternative  Approaches 

ter,  towards  the  identification,  feasibility  analysis ,  ana  pre- 
zero  ss  analysis  of  alternate  solution  concepts. 

,  s  :  a " ■ ; <_■  :r.  tne  environment,  me  operator,  or  the  ooat  could 

•  ■  c  ’.cent  chain  and  t ms  prevented  the  accident.  Those  possible 
i::  a  1  ter  or  urea*,  the  event  sequence  in  the  accident  chain  and 

en nance  s  mv  1  vaO’i  1  !  ry  in  tne  event  of  an  accident  were  identified 
tne  powering  data.  Those  manges  were  used  to  construct  alterna¬ 
te*..  enhancement  concepts  and  they  fall  into  two  general  categor- 
<is  atur'oacnes ,  and  i",  ecucation/enforcement  alternatives. 

: ten j ,  the  standards  approaches  address: 

y,j  tne  current  standard 

sir  s  i  new  standard 

*.,*:rg  otner  standards  in  lieu  of  a  powering  standard 

-•ircervnt  approach  addresses  alterations  in  boater  actions  and 
f.-.s  ,r>'s  are  it, tended  to  -sake  tne  noater  aware  of  the  oowerina 
te  : t  t  / •> - e:n  in  terns  .r'  engine  size  and  utilization!. 

'  .jieiul  not  to  cons  Vue  possible  fatality  reductions  as 

*  •  •  .tv  at  ions.  Tor  powering  accident  data  f,-vr  orfc-19~2 

ootenti.ii  norn'i  t  -'or  implementation  of  tr.e  current 
■  ■  ,  me  p  iv.eri  r  4  a.mcen  t  data  for  post- 1972  craft  snows  1  i  t  te . 

■  -  .  . e ■  c.  :  -  >r  tua  r  s  tard.ird  . 


md  r't!..0'i.;.:endations 

:  id  r  forma  nee  at  t  n; 

■  •  .  i’e  ;,\v.  t  siqni  ficant  cener  a  i 


■*)  »">  - 


* 


1 


j 


4.  Determine  fatality  distribution  by  "maneuvering'  .  o  _  a  s  activity,  ar  a 
"falls  overboard"  (accident  type). 

5.  Determine  trie  mean  horsepower  for  eacn  geographical  region  for 
boats  in  PRAM. 

cnncijctance  o* ••  these  analyses  gave  rise  to  the  foliowmg  important  points. 

•  Tnere  are  regional  differences  in  the  powering  related  fatality  distri¬ 
butions  with  tne  Soutneast  reqion  having  the  nighest  number  of  fatalities 
and  tne  Pacific  Coast  region  having  the  least. 

•  jonr.boat s  are  a  major  contributory  Doat  type  to  powering  --elated  fatal  - 

•,  r  /  statistics  with  a  large  percentage  of  these  involving  fa;  is  overboard. 

•  ■  v<  including  tne  jonnboats)  tne  Southeast  region  accounted  for  a 

r  •  ~.ner  power  ratio  than  any  other  region;  tit  also  rad  the  lowest 

noun  tec  horsepower  engines.  This  again  mCcates  that  the 
.  ■ 1  1  i  untwe1  gnt ,  r.ara  cnine  beats  witn  Siiiali  engines  present  tne 

boater  ni  or.  ris^s. 

•  c.'neisr  • -eg ion  accounts  for  more  fatalities  resulting  from  acci- 
vr-  ,  '■  r  \  Vir/;  course  Changes  or  maneuvers  than  any  otner  region. 

•  •  .  .  ami  cate  *-.e  :  an  .»  tendencies  as  jnnrboa's,  •.cv.*.‘-r  .  tne 

••  ooats  i n  the  data  base  is  sc  tnal  1  tr.a*  •  •  *  .one  j? i  ons 

irpwh  .vi  to  d  nigh  lev-  or  confidence. 


i 


Trie  current  powering  standard  was  evaluated  in  terms  of  several  risk 
parameters .  This  snowed  no  increase  in  risk  anc  non-compliance  for 
post -regui at  ion  boats,  but  cons  i  durable  increase  in  risk  for  pre- 
renuiation  boats. 

p  i  '.ra t ' ens  art  poss  ible  for  tne  Observed  differences  ir,  pro-  and  post  - 
data ,  particular!  j  in  terms  o:  do  a :  design  and  engine  changes  that,  are 
•m  in  the  powering  formula. 

t  power i m  standard  has  some  w.  --dity,  as  evidenced  by  its  effectiveness 
'  bo  and  for  johnbeats.  however,  since  the  oroinui  aati  an  o+  the 
•  o,i-  sr.nwn  no  overal  1  effectiveness,  indicating  the  need  for  : lives f'gat- 
,  •  ,e  .  jwenne  regulator;  concepts  and/or  improving  the  current  standard. 

. :  *  n -  t  ■  e  ;„rrent  standard  ran  be  modified  in  order  to  ne  more 

am:  cor  certain  r.oa t  types.  A  modest  attempt  was  rnaae  ir. 

*r-  *rr-,.jla,  and  evs  ..ate  i  ts  effectiveness  for  different  power- 
•i ever,  trie  data  indicate  that  the  current  standard  is  not  effective 
,if  *  ,pe-. ,  especially  recently  made  boats. 

:  :  investigate jn  of  the  regulatory  effectiveness  including  efforts 

if  me  safe  powering  project  can  be  found  in  References  3  and  4. 

•■■‘t  o-'  tne  effort  to  determine  ‘he  effectiveness  of  the  current 

•.  .0'  -inns  existed,  “hese  gjestions  involved  explanations  as 

••  ■  remits  gave  the  indications  presented.  Aft  discussions 

.  :  r  •  Inurd  go, -t or,r:ei  ,  it  was  -agreed  to  pursue  the  answers  to 

;  .•  '  t.  'i  i  t  f  ‘nr  project. 


te-'-'d  ne  in,  ■'  i  f  ferences  in  fatality  distribution  ;n  i  ne 
m.rrai  ur‘:as  the  Task  1  report  identifies. 

'  ■  /  m  t  r 1 1 a t ;  an  by  *oa‘.  type  and  type  of  .c  :  i donr  . 

-•■/■■■■■  <j  ‘  iCr'idor.t  and  nsK  ‘or  jonr.Doats.  Discus..  ?a  tali’'.' 

<  ‘  •  i  re  1  a  ted  to  apparent  gunwale  neignt. 

*  •  ; Jte  Tie  diff-r-r-r.ce  >  in  power  ratio  distributions  between 
>  ;r  .on  ;.  a  i  areas  identiTed  in  the  'ask  II  report. 


We  have  found  few  statistically  significant  and  engineer",  ;  yiy  i.^uHanr  erasures 
wnich  indicate  that  the  formula  is  eT-'ective  in  determining  a  safe  powering  level. 
Tne  most  significant  indicator  found  was  that,  prior  to  Deinq  promoted  as  a  regu¬ 
lation,  the  formula  predicted  very  accurate1/  the  unsafe  powering  level  of  boats. 
Inis  could  be  true  as  tnere  are  ways  jf  complying  with  tne  standard,  but  still 
defeating  it  by  altering  tne  configuration  of  tne  boat  null.  This  would  indicate 
tnat  the  present  formula  is  gooa.  but  must  be  refined  to  eliminate  the  loop  holes 
or  inadequacies. 

However,  for  the  few  statistically  significant  and  engineerinyly  important  measures 
with  positive  indications,  there  were  many  engi neeringly  important  measures  tnat 
gave  no  statistical  merit  to  the  present  formula.  An  example  is  sr.own  by  tne  fact 
tnat  there  is  no  significant  change  in  the  number  of  fatalities  for  boats  in  com¬ 
pliance  with  boats  not  in  compliance  with  the  existing  formula  horsepower  capacity. 
Inis  indicates  that  the  current  standard  does  not  indicate  an  unsafe  power  level, 
and  that  a  different  standard  should  be  promulgated. 

Perhaps  tne  most  important  finding  ct  Task  III  is  contained  in  the  evidence  that 
tnere  does  appear  to  oe  avenues  to  pursue  tnat,  if  developed  properly,  will  greatly 
increase  tne  safety  and  well  being  cr  the  average  boater.  One  must  keep  in  mind, 
nowever,  tnat  ‘‘or  any  standard  or  regulation,  there  is  a  group  of  people  who,  for 
various  reusers ,  o  noose  to  ignore  tre  rule  and  not  comply  witn  its  stipulations. 

Tne  la-e  Pu.v_  r.  ;  Standard  is  no  e  <ct.-pt  1  on . 

The  ",  ci , r  ••  nr  *ne  eva'wdtion  of  tne  effectiveness  of  tne  .‘rent  powering 

*  3  Dud  *'  i  r'r.  . 

•  In  terms  o-  accident  frequency  and  severity,  the  current  powering 
,t ar-derd  is  not  effective  for  outboard  boots  less  than  20  ft  in 
length  manufactured  after  1973. 

•  ■ ..-.r  or:  no  standa  'd  appears  to  have  consjJe ruble 

'or  .lu'.toarn  :,.•)« ts  ’ess  tnan  10  :t  in  lengtn  mace  pr’ yr  to  1 ' * / 2 ,  and  for 
nr, Cits  in  :enerai. 

•  "re  current  powering  standard  apparently  is  not  effective  for  outboards 
less  than  30  ft  1 n  lengtn  that  are  not  johnboats.  when  all  years  of 
nar.ij fcic tar  e  ar  e  cons  idered  •'  i  . e .  ,  wnen  pre-  and  post-powering  regula¬ 
tion  boats  are  not  distinuuisnedl . 


Each  of  three  powering  ratios  considered  [i.e.,  Amounted  horsepower/ 
rated  horsepower,  2)  mounted  horsepower/] ength  of  the  boat,  and  3) 
mounted  horsepower/ total  weight  of  the  system.]  were  shown  to  have  a 
significant  relationship  to  accident  severity,  and  to  accident  type, 
wnen  both  pre-  and  post-regulation  boats  were  included. 

It  was  found  that  compliance  with  the  current  standard  was  no  more 
frequent  for  experienced  boaters  than  for  the  non-experienced.  How¬ 
ever,  boating  safety  education  was  shewn  to  lead  to  greater  compliance. 

It  was  ’-'ounc  tr.at  the  boats  in  compliance  with  the  current  standard 
vc  re  sign,’  ficantly  less  lively  to  be  involved  in  a  fatal  powering 
accident  than  tnose  tnat  were  not  in  compliance,  wnen  both  pre- 
ir.d  post- regulation  boats  were  included. 

torn t  me  c  nan  isms  were  identified  and  detailed  accident  scenarios 
wee  developed  for  fatal  accidents  at  five  accept  nodes. 

'ask  HI  -  Evaluation  of  the  Current  Standard  Effectiveness 


tne  T-.tsk  II  data  base  to  determine  if  the  current  standard 
:  *  re  scoi.'ent  p^onabil  ity  or  severity  of  the  accidents  expen- 

‘  ,;an  twenty  ,  Ed .  fee1  in  length  and  Dowered  by  an  outboard 
'•••  :..r  -ji  seye»* a  ;  i nd I Cd ;  ors  that  measure  tne  effect  of  tne 

t r-t*  h  '.iter  :,umer>  us  tests  have  been  apoliec  "c  tr.e 
‘  -'i  presert  stanodro  increases  the  safety  of  ti.e  boater  m 

■  Mur,* . 
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wuest.on  is  uniquely  different  if,  tni  s  project  as 
e : rent i on a  1  ooatinq  safety  research  and  develop- 
poatc  r  arid  tne  effectiveness  of  a  standard  K 
x oo Sure  w  thin  tne  entire  boating  population.  Bv 
or. -'i dense  ,ew-i  m  tne  results  of  tne  analyse,  on 
picture  of  rh»  arcident  propensity  is  promoted, 
toe  data  tor  indications  of  effectiveness,  some  of 
nu-oer  r  f  accidents,  accident  rates,  and  accident 


these  accomplishments  and  presents  some  of  the  conclusions  tnat  can  oo  -u  u/.n  from 
the  data  as  tnus  far  analyzed. 

Having  arrived  at  a  definition  of  a  powering  related  accident  and  presenting  this 
definition  in  the  form  of  a  decision  tree,  we  have  used  this  tree  to  identify  all 
o'  the  powering  related  accidents  *or  the  year  1975  (fatal  and  non-fatal)  and  all 
of  the  fatal  powering  related  accidents  for  1976.  Over  7500  accidents  were  reviewed 
with  450  of  these  being  selected  as  powering  related.  It  was  these  accidents  that 
became  the  sample  to  be  coded  in  the  Powering  Related  Accident  Model  (PRAM). 

PRAM  is  a  matrix  type  model  that  was  developed  solely  for  this  project  from 
considerable  modeling  expertise  from  Wyle  personnel,  consultations  with  several 
persons  within  the  USCG,  from  previously  developed  models,  and  a  repetitive 
review  of  several  previously  constructed  models.  Effectively,  PRAM  summarizes 
and  organizes  the  accident  data  supplied  by  the  selected  sample. 

PRAM  identifies  accident  mechanisms  and  provides  the  information  for  develop¬ 
ment  of  powering  related  accident  scenarios.  It  is  the  PRAM  data  that  was  used 
as  input  to  the  engineering  analyses,  the  benefit  estimations,  and  the  evaluations 
of  effectiveness  of  powering  related  concepts  (including  tne  present  safe  powering 
standard) . 

To  validate  tne  data  that  would  be  storea  in  PRAM,  each  of  the  450  accioents  was 
independently  coded  by  two  analysts.  Tne  two  resulting  sets  of  oata  were  compared 
by  computer  checks  ana  a  third  analyst  to  alleviate  any  ci sagrt'. .  '-n's  between  the 
two  data  sets.  Add i t i ona 1 1 y ,  random  samples  from  each  of  the  two  .ets  were 
examined  in  depth  to  insure  tne  correctness  of  all  inputed  data. 

Having  analyzed  the  data  in  PRAM,  several  interesting  findings  have  blossomed. 

Some  of  these  findings  are: 

•  There  is  a  n<_-ed  for  a  powering  standard.  This  is  indicated  *  ne  204 
orar.ns  attributable  to  powering  related  accidents  in  ’,9o  and  1976  , 
alonq  witn  the  associated  injuries  and  property  damage. 

•  Several  comparisons  of  ore-  and  post-regulation  boats  in  the  sample 
were  made.  The  data  indicated  that  the  ratio  of  mounted  tn  rat°d 

'he  same  for  pre-  and  post-regulation  craft. 


norseDOwer  was 


It  can  be  seen  that  all  accidents  are  potentially  " horsepower  routed  •  t  stressors 
ana  subsystem  environmental  effects  are  to  be  included  in  the  def  r.ition.  The 
intent  of  the  Coast  Guard's  requirements  for  defining  "power  related"  accidents 
appeared  to  be  to  arrive  at  some  consistent  means  of  reduci nq  tne  scope  of  the 
accidents  to  be  reviewed  under  this  effort  to  manageable  proportions. 

Vast  emphasis  was  placed  on  the  task  of  defining  a  powering  related  accident  to 
make  sure  that  every  possible  consideration  and  circumstance  was  investigated  to 
determine  the  influence  of  propulsive  power  on  the  event  sequence  and  the  regulatory 
dependency  on  the  man-machine  system. 

Having  defined  a  power  related  accident,  i.e.,  having  selected  a  group  of  accidents 
to  analyze,  a  statistical  matrix  model  was  developed.  This  development  revealed 
refinements  for  the  definition  and  started  an  iterative  process  wmcn  resulted  in 
a  highly  complex  definition  and  comprehensive  model  (see  Figure  1-5).  The  com¬ 
plexity  of  the  powering  problem  is  evidenced  by  the  in-depth  thought  process  the 
analyst  must  employ  to  decide  if  an  accident  is  power  related.  Once  the  analyst 
decides,  his  thought  process  is  captured  in  the  model  and  utilized  in  the  evalua¬ 
tion  pnase  of  the  project. 

Although  it  may  appear  that  the  definition  and  the  accident  model  were  independ¬ 
ently  generated,  the  two  were  simultaneously  derived  tnrough  iterative  refinements 
dictated  by  eacn  otner  and  tne  insight  gained  with  eacn  update.  Taction  2.0  dis¬ 
cusses  the  development  of  the  definition  and  the  development  of  tr.e  '.del.  Tne 
interdependency  and  simultaneity  of  the  two  should  be  Kept  in  mice. 

The  analyses  done  nere  answer  the  question,  "Is  there  a  need  to  investigate  the 
powering  standard  that  is  presently  in  effect?"  The  answer  is  asserted  in  the 
fact  that  there  were  450  powering  related  accidents  involving  A69  boats  and 
resulting  in  204  deaths  during  1975  and  1976  alone.  Inis  is  a  very  significant 
statistic  when  one  realizes  that  1  out  of  every  14  deaths  accounted  to  rev reat ional 
□oat  inn  was  directly  involved  in  accidents  tnat  tne  present  safe  power’ nc.  rorju- 
’ation  is  supposed  to  alleviate.  This  point  in  itself  provides  sufficient  reason 
for  in-depth  evaluation  of  tne  powerinq  problem. 

Several  major  accomplishments  have  resulted  -  com  the  efforts  on  trv  -  prcjK* 
and  are  presented  in  detail  in  tne  subsequent  sections.  This  report 


s  u;r‘ina  r*  i  j  0  s 


D.  Speed  -  Horsepower  is  direct'/  related  to  tne  potential  *ur  sceeo. 
Soeed,  in  torn,  affects: 

•  Tne  reaction  time  available  to  tne  vessel  operator  to  avoid  or, 

oo  ’ec  t . 

•  Tne  kinetic  energy  which  must  be  d;ssipated  during  a  collision 
or  attempt  at  stopping  tne  vessel. 

•  The  inertial  forces  acting  on  the  boat  occupants  during  sudden 
maneuvering. 

•  The  bod/  forces  acting  on  the  boat  and  occupants  during  s teadv- 
statr  turns. 


•  Vessel  maneuvering  capability. 

l .  Ir-usr  -  The  thrust  vector  is  very  important  to  the  position  of  the  boat 
in  space  at  any  given  point  in  time.  Vessel  thrust  is  obviously  important 
for  maneuvering  capability,  trim,  heave,  heel,  and  yaw  during  any  maneuver 
or  s trai ght-anead  operation.  The  sudden  application  of  excessive  thrust 
during  a  low-speeo  turn  can  lead  to  shipping  water  over  the  side  to  which 
the  boat  is  turning. 

ipure  i-4  summarises  tne  discussion  above,  showing  tnat  horsepower  can  act  on  the 
tro-.  sons,  lucsvstem  envi  runment ,  and  aceleration/tnrust ,  which,  in  turn,  act 

r.ne  n-.c, pants  and  tne  boat  elements,  seen  that  powering  related  accidents  can 


'■  r 


Further,  each  subsystem  could  be  expressed  as  some  function  of  its  basic  sub- 
elements  so  that: 


B  =  q(B  , B  ,Br  ,  Brr  ) 
ss  ss  ss  ss  ...  SS  ' 
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The  point  of  this  is  that  there  are  some  boundary  conditions  witnin  which  this 
system  exhibits  "safety".  Sometimes  a  small  deviation  in  one  of  the  subelements 
can  act  as  a  catalyst  in  actuating  other  accident  causal  factors. 

Some  potential  accident  causes  that  could  be  acted  upon  or  aggravated  by  horse¬ 
power  are  as  fol lows : 

A.  Stressors  -  Horsepower  is  directly  involved  in  the  generation  (both  from 
an  amplitude  and  frequency  content)  of  severe  noise,  shock,  vibration, 
and  windburn  effects  on  tne  functional  capabilities  or  boat  occupants. 
Tnis,  in  turn,  affects  their  ability  to  avoid  and  recover  from  accidents 
wmch  may  occur  on  the  water. 

E.  Subsystem  Environment  -  Noise,  shock,  and  vibration  ; noise  being  a  subset 
vibration  in  this  case)  also  act  on  the  boat  elements  and  cause  failure 
oc  mechani cal /hardware  components  and  parts,  leading  to  the  occurrence  of 
certain  accident  types. 

C.  Ac_~_eJ_e_rd ts i_o_n  -  Horsepower  is  directly  related  to  the  aoat's  anility  to 

accelerate,  which,  in  turn,  can  cause  occupants  to  ne  thrown  overboard. 
However,  acceleration  can  nave  the  positive  effects  of  allowing  tne 
boat  to  move  quickly  away  from  an  impending  collision  and  spend  minimum 
tine  in  transition  v usual iy  with  poor  visibility  between  tne  displace¬ 
ment  and  the  planning  nodes  of  operation). 


Also,  sudden  acceleration  or  deceleration  may  lead  to  a  fall  overboard  „r  swamp¬ 
ing.  This  partial  list  illustreates  the  many  ways  in  which  powering  can  contribute 
to  boating  accidents . 

The  second  problem  in  defining  powering  (-elated  accidents  is  concerned  with  the 
recognition  that  the  effect  of  powering  is  dependent  upon  many  other  elements. 

The  basic  definition  problem  can  be  illustrated  in  Figure  1-3. 
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TTA.  1-1.  SOATINo  SYSTEM 


t'uo  "ne  power  boating  system  is  composed  of  tnree  basil 
a*.  ...i)-, /  .aeration  subsystem,  and  trie  environmental 

-*•  '-•••*  S  i”.  i*  least,  •  t  could  be  expressed  as: 


1.3.1  Task  II  -  Define,  Mon?-.,  and  Analyze  Power  Relateu  A-...-,  j 

The  purpose  of  Task  II  is  to  define  a  powering  related  accident  and  estaolish  the 
data  base  to  use  in  the  remainder  of  the  project  and  in  any  subsequent  analysis. 

It  is,  by  far,  the  most  important  task  of  the  safe  powering  project.  Operati onal 1 /, 
defining  a  powering  related  accident  is  equivalent  to  defining  the  sample  to  be 
coded  and  analyzed.  An  incorrect  or  incomplete  definition  of  power  related  acci¬ 
dents  biases  tne  evaluation  of  the  current  standard  and  its  effectiveness  in 
saving  people's  lives  and  preserving  the  integrity  of  personal  property.  If  the 
definition  is  conservative,  many  accidents  will  be  filtered  out,  tnus  giving  a 
false  representation  of  a  highly  effective  standard  because  of  tne  minimal  number 
of  fatalities  and  property  losses  registered.  Conversely,  if  the  definition  is  too 
liberal,  it  registers  fatalities  and  property  losses  that  could  setter  be  prevented 
Dy  otner  safety  standards  such  as  safe  loading,  flotation,  etc.  Tne  definition 
must,  tnerefore,  be  as  precisely  correct  in  encompassing  powering  related  accidents 
as  is  possible  to  ensure  i.,at  the  results  of  the  effectiveness  analysis  are  real¬ 
istic  and  self-meritorious. 

Trie  definition  of  a  powering  related  accident  is  a  complicated  and  illusive  problem. 
In  one  sense,  we  could  almost  say  that  any  accident  which  occurs  while  the  boat  is 
underway  with  power  is  powering  related.  Obviously,  we  cannot  accept  such  a  general 
defi  r  •,  cion .  At  tne  opposite  end  of  :ne  spectrum,  powering  related  ac^mdents  could 
be  denned  as  only  tncse  directly  at  n datable  to  boats  operating  at  *‘u 1 1  speed. 
Common  er.se  cells  us  tnat  for  our  results  to  be  meaningful  res.':c,  tne  definitions 
must  lie  s erne vn ere  between  these  extremes. 

Powering,  ray  contribute  to  virtually  every  type  of  event-defir.ee  accident.  For 
e<anpi(j.  excessive  speed  during  a  sudden  maneuver  may  result  in  a  caDS'.z'ng,  fall 
overDoard,  or  swamping.  High  speed  while  underway  straignt  ahead  may  cause  exces¬ 
sive  pounding  and  snock  which  leads  to  a  fall  overboard,  injury,  or  collision  in 
which  tne  boat  is  proceeding  too  fast  for  the  conditions.  Too  little  as  well  as  too 
Tucn  power  may  contribute  to  accidents  -  for  example,  in  handling  large  wakes  or  fol¬ 
lowing  --eas  wnere  ootimum  advance  so^ed  is  critical,  and  the  ability  to  speed  up 
is  important.  Furthermore,  the  link  between  powering  and  accidents  is  not 
invariably  speed.  The  weight  of  an  excessively  large  outboard  engine  may  increase 
tne  cniices  of  swamping  for  small  boats  because  of  the  reduction  in  freeboard. 


TASK  II 

DEFINE.  MOBFI-  ANALYZE 
POWER  RELATED  ACCIDENTS 


OVERALL  PROJECT 


S2.00  per  boat,  including  Coast  Guaru  compliance  testing.  Assuming  £ ^0  u.- 

boards  per  year  are  constructed,  then  the  total  cost  per  year  is  less  than  SI 
million.  Using  a  cost  of  $480,000  per  life  saved,  only  two  or  three  lives  per 
year  need  to  be  saved  in  order  for  the  existing  standard  to  be  cost  effective. 

Since  the  standard  was  promulgated  in  November  1972,  boating  industry  market 
surveys  indicate  that  roughly  2-1/2  million  boats  have  been  built  which  arc 
subject  to  the  standard.  Compliance  testing  performed  by  Wyle  under  D0T-CG- 
31538-A,  "Perform  Compliance  and  Defect  Testing  of  Recreational  Boats  and 
Associated  Equipment,"  indicates  that  about  85%  of  the  boats  sampled  were 
labeled  in  compliance.  This  information  contained  in  the  data  sample  selected 
for  this  study  indicates  that  approximately  81%  of  all  boats  in  tne  field  are 
in  compliance.  This,  however,  includes  boats  that  were  built  before  tne  effec¬ 
tive  date  of  the  present  standard. 

We  are  aware  of  the  fact  that  the  Boating  Industry  Association  (BIA)  Formula 
standard  was  in  effect  prior  to  the  federal  standard.  If  we  use  BIA  estimates 
of  the  number  or  percentage  of  boats  constructed  by  BIA  members  and  to  BIA 
standards,  we  can  estimate  that  maybe  a  third  of  the  boats  built  prior  to  1972 
also  had  a  (voluntary)  standard  in  effect  (the  boats  were  labeled).  From  IJyle's 
experience,  prior  to  1972  the  number  of  dealers  who  actually  limited  outboard 
horsepower  to  that  shown  on  the  BIA  labels  was  small  in  comparison  to  the  number 
to  do  so  because  of  the  federal  standard.  So,  in  actuality,  the  situation  is 
quite  complicated,  and  it  is  difficult  to  estimate  the  exact  effect  of  the 
existing  standard  (see  Reference  3). 

1.3  Project  Overview 

A  jraphit;  presentation  of  this  project  is  shown  in  Figure  1-2.  The  dependence  or 
tne  current  standard  evaluation  and  determination  of  proper  alternative  concents 
on  tne  adequacy  of  tne  definition  and  modeling  is  clearly  seen  in  tne  naure.  It 
is  extremely  important  tnat  tnese  tasks  are  correctly  and  comprenens i vel v  under¬ 
taken  s  nee  any  future  task,  wnetber  under  this  project  or  some  follow-on  project, 
will  jtiiize  tnem  as  a  starting  foundation. 
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•  Power  related  accidents  account  for  over  100  fatalities  per  y^a  - 
and  approximately  six  percent  of  all  reported  accidents 

•  The  current  standard  formula  is  not  a  good  predictor  of  risx  *or  all 
boats  (i.e.,  without  distinguishing  pre-  and  post-regulation  craft) 
in  the  powering  related  accident  sample 

•  The  current  standard  formula  appears  to  be  a  good  predictor  of  risk 
for  pre-1972  boats  and  johnbeats  fall  years) 

•  Regional  differences  in  power  accident  risks  exist 

•  The  potential  for  significant  benefits  resulting  <rrom  amendments  to 
the  current  standard  and/or  other  approaches  exist,  pending  more 
detailed  analysis 

Based  upon  tnese  conclusions  and  other  findings  reported  herein,  the  following 
major  reconmendat ions  are  offered: 

•  A  theoretical  ana  empirical  sensitivity  analysis  of  the  current  standard 
formula  should  be  performed 

•  Field  investigations  should  oe  conducted  in  order  to  verify  the  assump¬ 
tions  of  the  analysis  in  this  report,  particularly  those  made  with 
respect  to  exposure  data 

•  Nationwide  Boating  Survey  (N3S)  and  Boating  Accident  Report  (BAR)  data 
collection  forms  should  be  inodified  to  provide  needed  powering  related 
data  currently  not  available 

•  A  detailed  formulation  of  the  alternative  powering  safety  ennancement 
concepts,  and  tneir  associated  costs  and  benefits,  should  be  under¬ 
taker. 

i  _  Reuort  Consent 

Subsequent  sections  of  ‘ms  report  present  tne  technical  approach  and  anal  /res 
supporting  these  conclusions. 

Section  . 0  pri'i^rts  a  derailed  di Sv.u".->inn  of  the  derivation  of  the  definition  of 
a  power < no  r.;'  a*,e<i  accident  and  a  !•>  ;  chronology  of  the  selection  of  the 


accident  aata  analyzed  under  this  project.  Add  i  tiona  1  ly,  this  section  presents 
me  development  and  validation  procedures  tor  the  computeri zed  Powering  Related 
Accident  Mode:  (PRAM)  and  the  analytical  results  of  the  analyses  on  the  powering 
related  accident  sample.  Tnis  section  concludes  with  a  presentation  of  tne  acci¬ 
dent  mem  an i sms  initiating  powering  related  accidents  and  scenarios  typifying 
incidents  resulting  from  each  mechani sm. 

Section  j.O  presents  a  statement  of  tne  current  standard  for  tne  reader’s  ready 
I'eference.  Also,  this  section  presents  the  selection  criteria  and  exhibits  for 
the  non-powerinq  related  sample.  Subsequent  to  this  discussion  is  a  detailed 
presentation  of  tne  efforts  to  determine  the  effectiveness  of  tne  current  standard 
formula  i  n  orenicting  the  risk  of  having  a  powering  related  accident  with  increasing 
■uounmq  r  rsepo.ver  in  view  of  several  relevant  variables.  Interpretations  of  the 
■v r-,  are  provided  to  assist  the  reader  where  appropriate. 

e  <r.  -.j  presents  in  detail  tne  analyses  performed  to  clarify  and  assist  in 

explaining  tne  results  found  in  Task  III. 

Settlor.  b.'>  presents  a  detailed  discussion  of  tne  preliminary  alternatives  to 
,  reveoti ng  t  he  tv  be  of  fatalities  accoun-eo  for  in  the  powering  related  accidents  in 

'ii  •  amp  1  e . 

sec  *  i  .nr.,  presents  me  conclusions  rind  re^  ummendat  ions  derived  from  tne  data 
a’: a  i ■:  i  iu>  *>:•{  “nis  project . 

'  r  -  en*s  me  iterative  development  of  the  Powering  Related  nccidetu 

‘•V  ,  P.-AX  ,  ‘.'id  Appendix  d  presents  me  i  ns  muctions  utilized  to  include  aata 

m  ;•  non  -  power  ’  related  accident  reports  in  the  PRAM. 


2 . G  DEFINITION  AND  ANALYSIS  OF  POWERING  RELATED  ACCIDENTS 


2.1  Definition  and  Identified  cion  of  Powering  Related  Accounts 

2.1.1  Criteria  for  Defining  a  Powering  Related  Accident 

In  order  to  establish  a  starting  point  for  defining  and  identifying  a  powering 
related  accident,  it  was  decided  to  select  a  small  group  of  accidents  from  the  USCG 
accident  file  and  review  them  for  available  pertinent  data  (described  below)  for 
the  powering  project  and  to  determine  the  categories  into  which  the  accidents  could 
be  grouped.  Three  hundred  _nd  thirty-five  (335)  cases  were  selected  at  random  from 
the  1975  and  1976  accident  files  maintained  by  the  U.  S.  Coast  Guard,  Washington, 

D.  C.  Of  these,  one  hundred  and  eighty-three  (183)  were  immediately  rejected  as 
being  non-powering  related  for  one  of  tne  following  reasons: 

1.  The  boat(s)  involved  were  not  powered  by  an  engine. 

2.  The  boat(s)  were  not  underway. 

3.  The  accident  was  a  fire  or  explosion  accident. 

4.  Tnere  were  no  survivors,  no  witnesses,  and  no  definite  indications  that 
the  boat  was  in  motion  at  the  time  of  tne  accident.  (This  group  did  not 
include:  a  boat  found  with  the  motor  in  gear  and  gas  tank  empty;  or  a 
boat  found  beached  with  apparent  grounding  damage  and  motor  in  gear,  as 
these  would  be  definite  indications  that  the  boat  was  in  motion). 
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This  total  was  still  too  large  a  sample  to  be  manipulated  efficiently  by  hand. 
Therefore,  l.-ice  we  were  attempting  to  identify  accident  types,  and  not  predict 
frequencies,  we  decided  to  sample  the  above  categories  again  to  reduce  tne  "’ile 


down  to  a  manageable  number.  Although  sampling  a  sample  is  not  normally  a  sound 
statistical  procedure,  we  felt  that  the  orobable  degradation  would  not  be  experi¬ 
enced  in  the  accident-type  analysis  due  to  the  fact  that  we  would  not  filter  and 
lose  any  accident  type  but  would  only  be  limiting  the  number  of  accidents  in  tne 
large  categories.  The  sampling  plan  for  this  step  was  as  follows: 


ACCIDENT  DESCRIPTION 

SAMPLE  RATE 

TOTAL  REMAINING 

1.  Involving  swimmer  or  skier 

1  for  1 

5 

2.  Hit  boat  or  pier 

1  for  3 

24 

3.  Grounding 

1  for  1 

6 

4.  Hit  submerged  object 

1  for  3 

12 

5.  All  other 

1  for  1 

35 

TOTAL 

82 

After  reading  and  reviewing  the  eighty-two  (82)  remaining  accidents,  they  were 
again  sorted  into  the  following  categories: 


1.  Hit  Submerged  Object 

2.  Hit  Other  Boat  or  Object  -  Did  Not  See  Prior  to  Accident  or  Attempt  to 
Avoid 

3.  Hit  Other  Boat  or  Object  -  Attempted  to  Avoid 

A.  Accident  Peculiar  to  Water  Skiing 

5 .  Falls  Overboard 

o.  Swamping/Capsizing  -  Hit  Large  Waves 

7.  Swamping/Capsizing  During  Maneuver 

d.  Swamping/Capsizing  During  Acceleration 

3.  Lost  Control  Prior  to  Swamping  or  Capsizing. 

After  discussing  each  accident  category  and  the  degree  of  powering  involvement  in 
the  Cuuse  or  possible  future  solution,  the  following  list  of  accident  categories 
versus  degree  of  powering  involvement  was  derived: 

3 i g n d  i car. tly  Powering  Related 

1.  Those  accidents  where  the  operator  lost  directional  control  of  the 
vessel  while  it  was  underway  and  under  power. 

2.  Tno se  accidents  where  the  boat  did  not  respond  to  the  helm  as  the 
operator  intended  while  it  was  under  power. 
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3.  Those  accidents  w^e  persons  fell  overboard  or  the  boat  capsized  or 
swamped  during  a  maneuver. 

4.  Those  accidents  where  the  boat  capsized  or  swamped  ano  indications 
exist  that  its  seaworthiness  had  been  degraded  by  the  speed  at  which 
i t  was  operating. 

5.  Those  accidents  where  a  sudden  application  of  thrust  initiated  the 
accident. 

6.  Those  accidents  where  the  vessel's  kinetic  energy  contributed  sig¬ 
nificantly  to  the  severity  of  the  accident  and  no  other  viable 
regulatory  approach  appears  to  exist. 

Tangentially  Powering  Related 

1.  Those  accidents  where  kinetic  energy  was  a  factor  but  other  viable 
regulatory  approaches  exist. 

2.  Those  accidents  involving  a  material  or  subsystem  failure. 

3.  Those  accidents  where  the  operator  was  unable  to  detect  an  object, 
and  a  collision  occurred,  due  to  visibility  problems  involving  the 
vessel's  trim  or  heel  angle. 

4.  Those  accidents  wnere  the  operator  was  impaired  by  powering-related 
stressors. 

Not  Powering  Related 

A1 1  other 

Based  on  tne  foregoing,  the  following  machine  sort  for  the  powering  related  acci¬ 
dents  was  derived: 


Eliminate  if: 

Horsepower  -  zero 
or  norsepower  =  unknown 


or  Operation  at  time 

-  racing 

or 

dri fting 

or 

drifting,  fishing 

or 

drifting,  hunting 

or 

drifting,  diving  or  swimming 

or 

drifting,  fueling 

or  at  anchor 

or  at  ancnor,  Wishing 

or  at  ancnor ,  ■  anting 

or  at  ancnor,  diving  or  swimming 

or  at  anchor,  fueling 

or  tied  to  dock 

or  tied  to  dock,  fueling 

or  unknown 

or  Type  of  accident  =  grounding 

or  fire/explosion  (fuel) 
or  fire/explosion  (other) 

or  Cause  of  accident  =  load  related  -  hoisting  or  lowering  anchor 

or  miscellaneous  -  equipment  failure  (steering,  throttle, 

etc. ) 

or  miscel laneous  -  starting  in  gear 
or  unknown 

or  Accident  descriptors  =  boat  found/body  found,  no  witnesses 

or  improperly  moored 
or  carbon  monoxide  poisoning 

dr  Cause  =  failure  to  detect  nazard  -  submerged  object  (logs,  rocks, 

swimmer,  diver,  etc. ) 

and  Property  damage  =  less  than  $1000 
and  Number  of  drownings  =  zero 
and  Number  of  other  victims  =  zero 
and  Number  of  injuries  =  zero 

-:st  if: 

Horsepower  =  unknown 
or  Operation  at  time  =  unknown 


or  Co  use  of  accident  =  unknown 


Tie  above  was  onecked  against  the  32  accidents  in  our  file  which  we  accepted  as 
cowering  reiited  and  the  ending  as  per  the  1975  Boating  Accident  Report  (BAR) 

;  ''into,r.  of  the  cases  we  accepted  "passed"  the  above  sorting  procedure. 

'A  mu  ally  enpv.  r  in-;  tne  above  criteria  against  eight  random  pages  (25  cases  per 
pa  ;e;  in  the  1 9 ?c  printout  indicated  a  rejection  '■ate  of  fifty-four  (54V)  per¬ 
cent  could  re  expected  from  the  above  coding  sort.  That  rejection  rate  is 
lower  tnan  snouid  be  possible  for  the  following  reasons: 


1.  Accident  descriptors  are  only  coded  5'v-  to  10'  of  the  time.  Rarely  is 
more  than  one  coded.  It  was  our  observation  that  two  or  more  should  be 
applicable  to  each  accident.  As  this  coding  is  unreliable,  it  could  not 
be  used  for  identifying  acceptable  cases. 

2.  Not  ail  applicable  cause  codes  are  always  coded  and  often  the  cause  codes 
are  not  appropriately  used  relative  to  the  series  heading.  As  an  example, 
improper  lookout  is  often  coded  when  the  other  boat  was  seen  prior  to  the 
accident. 

It  should  be  noted,  however,  that  of  the  thirty  or  so  cases  we  checked,  no  "major" 
errors  in  coding  were  detected,  which  is  a  positive  reflection  on  the  coding  staff. 

After  the  machine  sort  criteria  was  derived,  the  decision  tree  shown  in  Figure 
2-1  was  derived  for  sorting  the  accidents  into  two  groups,  1)  powering  related 
(accepts)  and  2)  not  powering  related  or  tangentially  powering  related  (reject) 
files.  The  decision  tree  was  tested  by  having  someone  unfamiliar  with  the  tree 
and  boating  accidents  code  a  number  of  accidents  (15)  and  check  them  against  our 
interpretation.  100"  agreement  was  achieved.  All  82  cases  we  accepted  were 
checked  against  the  decision  tree,  and  only  one  disagreement  with  our  earlier 
subjective  evaluation  was  noted.  The  case  was  unique  and  the  tree  accepted 
it,  whereas  we  rejected  it. 

Thus,  from  the  above,  it  can  be  seen  that  identifying  and  defining  powering  related 
accidents  is  an  interdependent  process.  By  defining  a  powering  related  accident 
one  identifies  powering  involvement.  By  identifying  the  powering  involvement,  one 
refines  tne  powering  definition.  For  a  candidate  accident  to  survive  the  iterative 
selection  process,  it  must  show  powering  involvement  at  eacn  decision  point.  These 
decision  points  are  refined  as  new  events  are  discovered  which  demand  expansion  of 
the  decision  tree.  Hence,  the  "small"  group  of  accidents  chosen  to  provide  power¬ 
ing  related  selection  criteria  did  so  bv  providing  tne  powering  related  definition 
and  identification  mechanisms.  The  definition,  therefore,  is  a  multi-event  deci¬ 
sion  tree  wnere  an  accident  that  survives  the  "tree"  becomes  "identi tied"  as  a 


2.1.2  Initial  Accident  Sample 

Application  of  the  machine  sort  on  the  1975  accident  file  yielded  3600  accidents  to 
be  investigated  by  coders  to  determine  if  they  were  accepted  or  rejected  bv  the 
decision  tree.  Each  of  the  computer  selected  accidents  was  taken  through  the  tree 
with  1200  of  them  being  accepted  as  powering  related  accidents.  Upon  further  anal¬ 
ysis  and  consultation  with  USCG  personnel,  it  was  deeded  that  the  definition  of  a 
powering  related  accident  needed  further  refinement;  i.e.,  the  sample  needed  to  be 
reduced  in  size,  particularly  in  the  area  of  collisions  and  loading  related  acci¬ 
dents  where  the  involvement  of  powering  was  tangential  or  secondary  in  nature. 


The  result  of  this  further  analysis  reduced  the  number  of  "Accept"  cases  by  49". 
(Those  accidents  that  were  originally  "A  cept"  cases  but  are  now  "Rejects"  are  not 
statistically  lost  since  they  will  be  analyzed  under  projects  in  the  safe  loading 
and  collision  area).  The  decision  tree  was  modified  under  this  effort  to  that 
shown  in  Figure  2-2.  The  differences  between  this  tree  and  the  oriqinal  tree 
are  subtle.  The  first  four  decisions  in  the  tree  are  not  different.  On  the 
non-collision  branch  (node  13  and  below),  the  change  in  Figure  2-2  was  the  addi¬ 
tion  of  the  top  decision  in  that  branch.  This  was  inserted  to  reject  those 
accidents  where  underpoweri nq  may  have  been  a  significant  causal  factor,  and 
other  accidents  that  were  not  related  to  overpowering.  Note  that  accidents 
involving  boats  operating  at  less  than  half  throttle  can  be  included  in  the 
sample,  but  only  if  their  horsepower  per  foot  of  boat  length  ratio  is  high. 

Thus,  a  small  boat  with  a  large  engine,  which  could  experience  a  powering  prob¬ 
lem  at  low  throttle  settinas,  i_s  included  in  the  samDle;  i.e.,  it  can  be  acceoted. 

For  the  collision  branch  of  the  tree,  several  changes  were  made.  _he  concept 
benind  tne  decisions  in  the  tree  in  Figure  2-2  was  to  include  tnose  accidents 
wnere:  1)  the  operator  theoretically  had  a  chance  to  avoid  tne  collision  (ne 
detected  the  other  boat,  etc.),  and  2)  his  speed  (lack  of  time)  precluded  the 
execution  of  an  effective  avoidance  maneuver.  Cases  where  the  operator  lost 
control  of  the  boat  are  still  accepted.  Cases  where  the  object  of  the  collision 
was  not  detected,  or  the  operator  did  not  respond  in  time  because  of  alconol  or 
ot^er  stressors,  or  wnere  the  environment  (waterway,  etc.)  precluded  avoidance 
were  collisions  whicn  the  decision  tree  rejected.  It  should  be  noted  tnat  tne 
decision  tree  allows  for  some  engineering  judgment  in  cases  wnere  tne  decisions 
can  oe  surmised  but  are  not  directly  Known. 


The  remaining  accident  sample  was  then  interrogated  to  determine  the  anensive- 
ness  of  the  information  available  to  the  coders.  A  coding  sheet  was  prepared  and  a 
trial  sample  of  twenty  (20)  accidents  was  processed.  Results  from  the  sample  indi¬ 
cated  that  additional  information  was  needed  on  a  few  of  the  key  variables  in  many 
cases  and  that  a  problem  existed  in  the  decision  tree  for  nodes  involving  throttle 
settings  and  speed.  It  was  also  apparent  that  the  decision  tree  should  allow  one 
to  recognize  a  boat  that  was  being  operated  at  a  low  throttle  setting  but,  due  to 
the  size  of  the  engine,  was  actually  being  supplied  more  horsepower  than  the  boat 
was  able  to  accommodate  safely. 

Additional  research  into  the  problem  of  determining  whether  a  boat  was  over  powered 
according  to  the  present  standard  formula  was  apparently  hampered  here  because  the 
coder  could  not  determine  a  value  for  "Horsepower  in  Use"  with  a  high  degree  of  confi¬ 
dence. 

Equation  (1)  was  used  to  obtain  the  critical  throttle  setting  to  exceed  the  value 
of  one-naif  the  rated  horsepower  of  a  given  engine  (see  References  5  and  6). 

horsepower  =  K  •  (rpm):»c  (1) 

Tnis  relationship  has  been  shown  to  be  close  to  empirical  data  and  allows  border¬ 
line  cases  r.o  be  processed  fuether  in  the  powering  related  accident  decision  tree 
■  ince  it  credits  tne  operator  with  ..sing  sligntly  more  horsepower  than  empirical 
jata  indicate. 

Equation  ,2’  was  usea  to  calculate  norsepuwer  in  use  if  speed  and  weight  are 
f n own  , r je  Reference  7). 


Speed 


_ 1_60 _ 

/  Weight/Horsepower  In  Use 


(2) 


ne  relationship  of  horsepower  to  throttle  setting  is  shown  in  Equation  (3). 


tailed  discussion  of  the  derivation  of  equations  and  the  impact  tc  die  present 
dard  evaluation  is  presented  in  Appendix  A,  "The  Powering  Related  Model," 
irr.e  II.  Conversations  with  members  of  the  Boating  Industry  Association  and  the 
1,  review  of  boat  manufacturers'  literature,  and  water  tests  conducted  by  Wyle 
.onr.el  led  to  derivation  of  the  formula  for  computing  horsepower  in  use  for  a 
in  engine  and  throttle  setting.  This  formula  was  programmed  into  a  calculator 
:h  was  available  to  the  coders.  The  analyst  could  then  input  rated  horsepower 
mounted  horsepower  into  the  calculator  and  obtain  a  throttle  setting  needed  to 
;ed  one-half  of  the  rated  horsepower.  The  calculator  was  also  programmed  to 
5/1  ay  the  horsepower  in  use  and  a  throttle  setting  required  to  produce  it  on  a 
;n  engine  if  the  speed  of  the  boat  and  weight  of  the  boat,  motor,  and  gear  are 
*n.  It  was  found  that  in  most  cases,  there  was  enough  information  about  the 
t: cal  variables  in  these  equations  to  calculate  the  desired  variables.  This 
mique  filled  in  informative  data  for  variaDles  that  the  casual  observer  would 
;iude  was  unknown  or  unavailable. 

i  Mr'  resolution  of  problems  concerning  critical  variables,  600  accidents  were 
iinec  *pr  furtner  processing  after  processing  tnrough  the  revised  decision 

;  snow,-  in  Ficure  2-2. 

2 ...  3  Final  Powering  Related  Accident  Definition 

.-  £>!.•!  i;r.i nary  analysis  of  the  600  accidents,  further  refinement  of  the 

’■  Dc-’si  in  free,  and  therefore,  tne  "Definition,"  occurred.  This 
•er*  ..as  "devious  1  /  predicted  because  of  the  iterative  nature  of  deriving 
’’’in  *;■,!  n.iv.'d  on  expanding  applications.  The  final  definition  is  shown  in 
r  "  wnei  e  an  accident  is  defined  as  a  powering  related  accident  if  tne 
f  *’.!’•  s  out  at  any  oc  the  accept  nodes .  As  one  progresses  through  the 
’  '  :  ,  ‘  ne  complexity  of  the  definition  and  tne  detailed  thought  process 

■  •  t  i'ye<:  : r.  deciding  if  the  accident  is  accepted  at  any  node  becomes 

e>  a  uie  tne  iefmi  tion  i  -  so  complex,  it  is  difficult  to  select  any 
'  m  •  1  y  ce-.rripe  a  "r./oical"  accident  that  would  be  accepted  at  racn 
■  •  ■  i  i  '.'/"r  .  ji/'fidfio'.  developed  to  better  understand  tne  i  lent 

*r>*  .%  0  /  a  :.e  Selected  at  eacn  node. 


i-aert  Scenario  \ocv  z 


.vk,  proceeding  at  a  fa  it  **ate  of  speed.  sir,  j !  e  attempting  to  pass 
h  it  was  ove'-tar :  r.c  n  OH  tne  wake  of  tne  other  boa* ,  Csu'  inn  the 
coat  tc  go  c,u*  o*'  c  antro’i  and  strike  tne  boat  that  was  being  aver¬ 


se  nt  S  con  a  r c  Nod  e_c  * 

rs  a  narina  area  at  3/4  tnrott'iC.  While  proceed  no  past  several 
.  tne  operator  notices  one  vessel  backing  out  of  us  dock,  direct!/ 
Set  ore  he  can  react  to  tne  situation,  the  col  Wien  occurs. 

e  i  J e nt  See nario  .Node  1  J  " 

v.a*  proceeding  up  c  river  at  a  fast  rate  of  speed.  As  it  rounded 
oe  river,  tne  opera'or  noticed  another  boat  heading  toward  him. 
attempted  tc  turn  away  from  the  impending  collision,  r.,t  could  not. 
oilded  as  tne  turns  were  oeing  executed. 

si  lent  3. ena r 10  Nude  14 

s’  ttir-g  on  top 
iwn  .  operator 
,  is  hit  :w 

:  a,,.,  sed' 'o  a:  full  ;o.<er  Pulling  skier.  '  i  .  and  lie 

.-.'.4  s  I’-”--  jr,  tne  snier.  ’n  pisp  tvj  boat  ships 

*-e  :  -.I,--,  Me  rv  1  ,  < Capsizes.  Coo  or-  r.r.n;  .  cupc-i  1  s  drowns 


atl>r  ,'VI  j  p  r.-j  ,  i  ICO  Spier.  Obvji'Ve'" 

i,  rear  0*  scat  .<•»:  ■  inq  sr.ier.  Skier  f c  1  !  i 
return  tc  skier  v.t.  .st'server  falls  overpear., . 
>  ’.or  and  crowns  •... r  ;n.. areu. 


*  .,  or  .*■/':  > .  ^  •  i  e  passer-. er  _.n  ;  t  cn-g  i  r>  •  re  cat 

: .  j e n qe ”■  fa ’  :  jv-^r:  re  ir.d  drowns  before  (  ptca'ioi-  .  ?n  return 


!if  >  < 

•owe  r  i  n  . 


2.3.1  Raw  ency  Distributions 


;n  of  tne  information  presented  on  the  following  pages  was  used  to  evaluate  the 
lative  effectiveness  and  benefits  of  powering  regulation  concepts.  This  is 
?sented  below  to  snow  the  type  of  raw  data  contained  within  the  model .  Unique 
i/or  interesting  frequencies  m  trie  raw  data  are  singled  out.  Comparisons  with 
?  data  from  non-powering  accidents  is  presented  in  Sections  3.0  and  4.0. 

TABLE  2-2.  STATES  Ev  ORDER  OF  FREQUENCY 
OF  BOATS  IN  POWERING  RELATED  ACCIDENTS 


NUMBER  OF  BOATS 


REL.  PCT. 


3 1  i  i-p  rn  i  c 


lorida 


'k 


oath  Carolina 


1  i  i  n  n  i  v 
entuc  k;. 


on  nee  t 1  cu  ‘ 


re  cor 


r ;  zona 

P  r  3  r  q  <  ?  r  j  P 


1  abaiild 

or 

C.  U  ! 

4.3 

ichigar.  j 

20 

4.3 

ew  Jersey 

or, 

4.3 

orth  Carol '.na 

13 

t 

3.8 

exas 

).q 

3.8 

isscuri  i  1  / 

|  3.6 

■> 

C  . 

/ 

.  1 

- 

Q 

Q 

i  9 

J .  u  Accident  Mechanism  ider.r;  r  i  ■  ition  and  Scenario  Development 

:  previous  sections  the  sample  of  powering  related  accidents  to  Oe  analyzed 
den t i f i ed  and  defined,  and  the  analysis  tool  (PRAM)  was  discussed.  This 
c  was  coded  and  the  results  of  that  coding  are  presented  herein,  with  addi- 
1  analyses.  The  PRAM  data  are  compatible  with  SPSS  sorting  routines  and 
itical  packages.  Additional  analytical  subroutines  have  been  written  to 
1  a i'.e  powering  ratios  and  other  statistics  from  the  coded  PRAM  data. 

atios  tnat  have  been  used  in  some  of  these  analyses  are:  1)  mounted  horse- 
over  rated  horsepower  (a  ratio  greater  than  one  for  a  boat  signifies  non- 
: ance  with  the  current  standard);  2)  mounted  horsepower  over  boat  length  (hp 
t),  and,  3)  mounted  horsepower  over  total  weight  (boat  +  gear  +  people). 

■•at ’os  reflect  measures  of  compliance  with  the  current  standard  (ratio  1)  and 
cie  measures  to  be  used  in  alternative  powering  regulation  concepts  (ratios  2 
Trese  three  power  ratios  were  selected  through  consultation  with  Coast 
•ersonnel  because  of  their  relevance  to  the  evaluation  of  the  current  stan- 
tneir  potential  for  the  development  of  new  standards  and  the  availability  of 
eeded  ;n formation  in  the  data  base. 

.,'iiLv  ,/jwering  ratio  1  above,  one  needs  to  divide  the  mounted  horsepower  by 
.ved  nursepower.  A  boat  tnat  was  rated  for  a  100  hp  engine  and  had  a  120  hp 
■cur, red  on  it  would  have  a  power  ratio  number  1  of  1.2.  To  compute  power 
,  * n e  mounted  horsepower  is  divided  by  the  boat  length  to  the  whole  foot, 

.  -m  •>  ,  thus,  a  120  hp  engine  on  a  15  ft  9  in.  boat  would  generate  a 
i:.  '  ,i  2  of  8.0.  The  tniro  power  ratio  is  computed  by  div  d’ng  the 
•  ■  :y  the  sum  of  the  coat  weight,  the  weight  of  gear  on  beard,  and 

orjunle  on  board.  For  example,  a  120  hp  engine  mounted  on  a  850 
;  .  ICu  las  or  gas  and  gear  and  400  lb  of  people  would  generate  a 

3  of  0.08. 

-,,>'i: :.  much  of  tr.e  PRAM  .iUo  r>  frequencies  *or  the  various  codes. 

.  ■• .  vie,  .m’  forms  the  ’owerino  Related  Accident  Data  Bare.  The  next 
■  e  art:  -ore  detailed  rev.1  *  •  ana  discussions  of  trio  mean  i  nos  of 
■  ■  •■.L.i  )  r  ’  one  Tne  detail  ...J  scenario  development  and  accident  mech- 


TABLE  2-1.  ?PAM  ,  TA  3Y  NODE  OF  ACCEPTANCE 


POWERING  RELATED  ACCEPTANCE  i 

NO.  OF 

NO.  OF 

NODE  (BRIEF  DESCRIPTION)  | 

RECOVERIES* 

FATALITIES 

5 

(lost  control )  j 

103 

286 

3 

8 

1 

(no  attempt  to  | 

a  void  co 1 1 i si  on )  j 

32 

88 

12 

12 

(not  enougn  time  J 

to  avoid  collision)  ; 

52 

173 

12 

14 

(fall  overboard  cr  ! 

capsizing  during  turn)  j 

7° 

145 

59 

I  5 

(sadden  application 
jf  power) 

31 

51 

22 

16 

(loss  o‘  directional  ; 

contro')  1 

36 

72 

15 

17 

(wave  over  oow)  ; 

A7 

123 

34 

18 

(fal ’  overboard 

u'JC  L'j  WoV£/  ) 

52 

135 

22 

19 

(capsizing;  j 

44 

102 

21 

r  ita 

I  ;  •  'C  PO a  C  >  in  j 

4 

*  '  ,  (i  <\ 

e  i  ict-n;.  .n  we •'■c  nor 

‘  : ,J 

~  ■  ■  s  r  f-e  Je.omn  tree  1 

l 

i 

i 

! 

*  : 

1175 

204 

-  -  -  - 

.i«*e  s'ianriy  Oi.  : c"-j  ,re  true  figures  because  of  unknowns 
.••)»•  ;  no jaec!  ana  because  some  entries  exceeaea  coding  limita- 
.  ‘ •’  some  boats  tne  code  ("A'-Sor  more''  was  used]. 


ch  boat  that  had  a  powering  related  problem  was  coded  in  (’RAM.  In  other  -ukUm  c.  , 
ch  as  ARM  for  example,  each  victim  is  coded.  Since  boats  are  coded  in  PRAM, 
ere  may  be  one  boat  coded  for  each  accident  in  the  sample,  or  more  than  one  if 
e  accident  involved  more  than  one  boat  with  powering  problems.  If  on;,'  one  boat 
a  multiple  boat  accident  had  a  powering  problem  (according  to  the  powering 
lated  accident  decision  tree),  then  that  was  the  only  boat  that  was  coded. 

e  PRAM  sample  contains  383  boats  from  accidents  in  1975  and  86  boats  from  fatal 
cidents  in  1976.  There  are  a  total  of  469  boats  coded  in  PRAM  from  450  accidents 
wo  boats  were  coded  from  18  accidents,  and  three  beats  were  coded  from  1  accident). 

ie  PRAM  sample  is  broken  down  by  node  of  acceptance  in  the  powering  related  accident 
icision  tree  in  Table  2-1.  The  number  of  coats  at  each  node,  the  number  of  recovery¬ 
's  at  each  node,  and  the  number  of  fatalities  at  each  node  are  shown.  Several 
.pects  of  these  data  are  intriguing.  The  probability  of  recovery  (i.e.,  mutter  of 
?coveries  divided  by  total  number  of  recoveries  and  fatalities)  for  boaters  at  node 
in  the  powering  related  accident  decision  tree  is  much  higher  (0.99)  than  at  any 
:ner  node.  The  probability  of  recovery  at  nodes  14  and  15  is  lower  (0.71  and  0.70, 
jsoectively)  than  at  other  nodes.  These  probabi 1 i ties  are  not  absolute,  since  two 
jars  of  fataMty  data  are  included  in  PRAM  and  only  one  year  of  recovery  data.  How- 
/er,  the  relative  differences  indicate  the  nodes  where  significant  numbers  of  fatal- 
ties  are  occurring.  The  fact  that  at  least  31  boats  were  accepted  at  each  node  and 
lat  recoveries  and  fatalities  occurred  at  each  node,  indicates  that  the  decision 
~ee  generates  a  sanDle  that  has  data  tor  each  kind  of  powering  accident..  Each  k’nd 
f  powering  accident  occurs  in  the  sample  with  some  regularity. 

2.2.5  Summary  of  -'RAM 

ie  Po'werinq  Related  Accident  Model  was  developed  to  organise  and  summarize  aata 
■r  foe  accidents  that  are  powering  related.  Tne  model  can  provide  scenarios  of 
minion  powering  accidents  and  identify  the  dominant  mechanisms  of  these  accidents. 

'AM  also  provides  statistics  and  probabilities  on  factors  relevant  to  the  estima¬ 
tion  of  potential  benefits  attributable  to  alternative  powering  regulation  concepts, 
vj  data  to  enaole  the  evaluation  of  engineering  solutions  to  the  power i no  problem. 

1  powering  acc’ Gents  ’n  1 975  were  included  in  tne  PRAM  sample,  a'onj  wire  all 
ital  powering  accidents  from  1  976.  In  total,  tnis  represents  450  accidmts  invol  v- 
ig  4f59  boats  and  334  catal  fries.  The  large  number  oc  accidents  and  futilities 
id  i  cates  tnat  cowering  act;  dents  are  a  :  icr.if  icant  problem. 
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The  next  five  cocied  variables  contain  most  of  trie  severity  intorv'd* -or,  *or  the 
accident.  Property  damaqe,  injuries,  and  fatalities  for  the  otter  /ettel ,  if  are/ 
(fatalities  for  this  vessel  were  coded  earlier)  are  coded. 

Finally,  event  trees  and  other  detailed  information  were  coded  for  accidents  accord-  * 

ing  to  their  nodes  of  acceptance.  These  variables  were  created  to  provide  a  means 

of  coding  the  detailed  information  that  is  often  available  in  fatal  accident  reports, 
and  sometimes  present  in  non-fatal  accident  reports.  The  sequences  of  interrelated 
events  in  powering  accidents  are  particularly  important,  and  this  information  is  S 

captured  in  the  event  trees  and  other  variables  that  are  specific  to  each  node  of 
acceptance.  The  trees  were  developed  to  enable  engineering  solutions  to  powering 
problems  by  providing  data  of  a  detailed  nature  concerning  accident  causes. 

Solutions  (in  the  form  of  proposed  standards)  which  break  sequences  of  events  in  * 

common  powering  accidents,  or  break  variable  interrelationships,  may  be  tested  in 

future  research.  Their  effectiveness  can  be  estimated  from  the  PRAM  data.  By 

building  this  part  of  the  model  around  the  node  of  acceptance,  the  key  information 

that  was  used  to  decide  if  the  accident  should  be  in  the  powering  related  sample  is 

coded. 

2.2.4  final  Accident  Sample 

• 

Wyle  Droposed  to  sample  at  least  two  to  three  hundred  accidents  for  PRAM.  Origin¬ 
ally,  it  was  thought  that  two  years  worth  of  data  would  have  to  be  screened  in  order 
to  obtain  a  sample  of  powering  related  accidents  of  two  to  three  hundred,  when  the 
accidents  from  1975  were  screened  initially,  approximately  1200  were  found  to  be  • 

possible  PRAM  candidates.  Later,  revisions  in  the  powering  related  accident  decision 
tree  resulted  in  reducing  this  number  by  about  300  or  more  ac;;dents.  At  that  point, 
the  Coast  Guard  and  Wyle  had  a  meeting  to  decide  wnat  additional  accidents,  if  any, 
should  be  sampled.  It  was  decided  that  the  fatal  accidents  from  1976  should  be  • 

sampled  to  provide  more  of  the  detailed  information  needed  for  the  sequential  event 
trees,  and  to  provide  more  "known"  data  ooints  throughout  the  model,  since  more  oata 
is  typically  reported  in  fatal  cases.  It  was  felt  that  the  non-fatal  data  already 
sampled  from  1975  would  be  sufficient  to  show  differences  between  fatal  ana  non-fatal  • 
powering  accidents,  if  any. 

Thus ,  the  PRAM  sample  includes  all  powerino  related  accidents  from  197'.  and  all 
fatal  powering  related  accidents  from  1976.  These  accidents  were  selected  from  9 

Coast  Guard  accident  report  files  using  the  powering  related  accident  decision  tree 
described  ear! ier. 

• 


in  Figure  2-5  ana  instructions  are  presented  in  Vol  wr  ;;  of  t re  te-.nmcal 

brief  (Appendix  A).  In  this  section,  the  types  of  d . ) t . j  to  p»  *-d  and  the 

coding  form  will  be  discussed  in  general ,  and  a  few  v.ir  latil."  wlm  .-..sec  special 

problems  will  be  presented. 

Several  bookkeeping  variables  are  included  in  PRAM  .mil  grouped  in  trn-  first  set 
of  columns  on  the  coding  sheet.  Tne  "boat  number"  and  ■  oded  by  '  variables  are 
included  so  that  accidents  could  be  identified  later,  u.d  anai/sts  could  oe  con¬ 
sulted,  when  needed,  during  the  verification  process.  The  state,  month,  year, 
and  time  of  the  accident  are  other  bookkeeping  variables  in  the  same  vicinity  on 
the  coding  sheet,  along  with  tne  accident  type. 

Boat  variables  are  then  coded  in  successive  columns,  including  boat  type,  length, 
width,  hull  shape,  year  of  manufacture,  and  type  of  power.  The  speed  at  tne  time 
of  the  accident,  motorwell  information,  and  type  of  steering  controls  are  coded 
next.  The  following  four  columns  are  for  the  relevant  information  about  the 
motor  manufacturer,  horsepower,  weight,  and  maximum  rom).  When  speed  was  not 
stated  in  the  accident  report,  but  the  throttle  setting  and  total  system  weight 
are  known,  a  program  on  Wyle's  HP-97  was  written  for  the  analyst  to  use  ir.  comput¬ 
ing  the  boat's  approximate  speed  (for  planing  hull  craft;.  Is  was  "elt  tra:  such 
an  estimate  would  be  preferrable  to  coding  "unknown  for  speed. 

The  next  several  variables  to  be  entered  on  the  coding  sheet  ("course'  tnrsugn 
"operator  ski  1 1 /experience" )  provide  some  information  concerning  tne  particular 
accident.  "Course"  and  "Powering  Behavior"  are  decision  tree  variables  which 
indicate  intentional  and  unintentional  control  activations  involving  steering  and 
tne  throttle.  Most  of  the  other  variables  to  be  entered  in  this  nrouo  [ water  con¬ 
ditions,  visibility,  etc.)  are  coded  directly  as  stated  on  the  accident  report.  T 
"Node  of  Acceptance"  refers  to  tne  nede  where  the  accident  was  accepted  into  tne 
5 RAM  sample  in  the  powering  related  accident  decision  tree. 

The  rated  capacities  of  the  coded  boat  are  recorded  in  the  next  several  columns. 
Several  of  these  are  calculated  from  other  known  data  using  Coast  Guard  standards 
and  formulas.  The  weight  of  gear  on  board  and  number  of  engines  in  use  are  cooed 
in  order  to  provide  more  information  concerning  overloaoing  anc  tne  evaluation  of 
powering  regulation  al cernati ves . 


i  ,er -ric-'  t:  *.v.  /punching  errors  and  coding  error  .  *>■  • 

o  were  tnen  recycled  for  Keypunch]  .  the  corrections  independcn’  '  j<~  each  of 
two  coders,  “he  process  iterator  ,r't ,  1  two  complete  duplicate  cec-m  o*  ccr- 
1/  coaet  data  were  obtained .  Tne  onl v  way  that  a  keypunching  or  coding  error 
c  su-'vi  ve  tr.is  verification  process  undetected  would  be  i  f  tne  exact  mist  are 
mace  t independent 'y  o.i  the  came  variable.  Such  an  occurrence  is  a  remote 
:  .  it./.  Sven  men,  approximately  fifteen  percent  of  all  of  the  coded  acci- 
it  '•'ast  ter  percent  of  each  g**oup  of  50)  were  ver*  f'ea  code  bv  cede  by  the 
ect  ead»-rs  .-;hite,  C.  Stiehl,  and  N.  Whatley).  Wnen  errors  in  coding  or 
: : ’rotation  were  discovered,  these  were  reviewed  with  all  analysts  ny  the  project 
er>.  In  the  coding  of  the  powering  related  accidents,  the  initial  disagreement 
'tnu  percentage  of  disagreements,  column  by  column,  in  the  comparison  of  the 
m; /pun. .re  i  ieexs  of  coded  data)  was  approximately  10  percent  of  the  columns. 

r.i“c  i-  ..  1  ...nes  keypunching  errors ,  and  some  variables  cover  more  than  one 
;  n.  ,  the  true  ai sagreements  between  analysts  were  on  the  order  of  5». 

’• ;  :n  -  agreement  (95':)  between  independent  coders  using  PRAM  gives  a 

;  ;  •  * 1  im  thot  the  model  dec s  -  very  good  job  of  capturing  the  important 

e *  the  accidents  in  a  clear  manner.  Indeed,  most  of  the  disagreements 

. ... i"  involved  cases  wnere  one  coder  was  willing  to  assume  a  little  more 
i:  *  curut  an  accident,  ana  codec4  a  value  for  a  variable  wrmle  the  second 
c  i:!  "unknown.''  All  of  the  analysts  were  questioned  as  to  whet  he  t  they  had 
v,  .;_cvie'ts  which  were  not  adequately  handled  by  tne  model;  i  a.,  accidents 
p  ■  "...loi  ;iao  no  provision  for  codm  the  main  thrust  or  nrcble.’  n.  the  acci- 
v.  j,  .*  ,  indicated  that  there  mu.  ave  been  one  or  two,  r  nr.  that  these 

.  tv /  uni  ,ue  a no  would  not  war-ant  the  creation  of  soo  i.u  variables 

■  nn.bie:  is ,  such  at  overloading v-re  coded  indirect!  /  •men  tne  caoa- 
;  c  r  .  ret  •  nown.  For  this  proclem,  boat  length,  peep i o  on  board,  and 

■.  ..  ;,e  used  n  an  ami ,  si  s  brouram  to  determine  over  i  cab :  ng  . 
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cer.e-its  attributatle  to  alternative  sewering  regulation  concepts,  as  well  as  to 
e,a:',ate  t ne  effectiveness  and  need  for  the  present  standard.  Partner  details  on 
- e  o*  these  issues  have  been  developed  in  Appendix  A,  particularly  in  'Volume  I. 

2.2 .2  Validation  of  tne  Ilodel 

lev  ore  1 ’ni nary  validation  of  the  model  was  accomplished  tnrough  the  processing  of 
•  ...•nan os  enrougn  PRAM.  These  scenarios  were  developed  to  describe  accidents  pro- 
.  e'-ied  through  different  acceptance  nodes  of  the  powering  related  accident  decision 
rree  ;see  Section  2.1.3). 

■nor  to  the  writing  of  Volume  I  of  the  PRAM  technical  brief  (see  Appendix  A),  20 
•ton- fatal  accidents  were  processed  through  PRAM.  The  processing  of  these  accidents 
’."I  to  some  modifications  in  the  coding  instructions  for  PRAM  and  the  adaptation  of 
:  *e.v  variables  to  more  adequately  reflect  the  accident  data. 

o-’ui'  to  tie  writing  of  Volume  II  of  the  PRAM  technical  brief,  all  of  the  fatal 
accidents  whicn  had  been  accepted  into  the  PRAM  sample  were  reviewed.  Event  trees 

and  other  detailed  accident  variables  were  developed  for  nodes  of  acceptance  in  the 

•powering  related  accident  decision  tree  which  accepted  ten  or  more  fatal  accidents. 

A;  least  ten  accidents  were  needed  at  a  node  in  order  to  generate  enough  data  to 
w m  ' t  tne  construction  of  these  variables.  These  variables  were  constructed  in 
't'd'r-  ;o  ran  tore  .js  muen  of  the  detailed  sequential  information  concerning  events 
•,  tic  :  t  rjen  c  as  possible. 

i.  fj  .i,e  /•-.  1  iditv  chec- j  described  above,  a  PRAM  coding  v.i  i ;  t  <  on  pro- 

.  .  ■■■  aes .  In  any  effort  of  this  kind,  the  model  is  only  as  good  a<.  the 

a  _  'ocedures  Geveiupeo  fr,r  the  data  input  validation,  and  use  of 
■  ^RAM,  tne  mode;  wa ;  deve  f>’peci  tnrough  considerable  review  of  pre- 
..  <i "  iden  data,  and  consul  tatior  wi  *  n  Coast  Guard  and  ot:  er  experts. 

.1  .>  tc  *'-.e  data  in  tne  development  stages  adcis  to  its  external  >.c  1  io- 
e>  ;o-  get  ii  '•  and  accurat  /  in  defining  ng  acc  :•  and  sol  •  t- 

•  ■  •  ■  r  /'  r.g  ‘no  accident  sample  >  1  so  no-ease  ‘ne  val  •  *:;•  of  the  uns 

;i"ur  sc  take  ootvnum  use  r  r  tne,:c  techniques  and  urucedures .  tne 

:  ••  r idea  correctly. 

.  ■  .  ■  ,  jiriiice  h'C(M. cdurc  are  d'd'."'  :  s  it;  *■  U'e'e  — *.  r.  a  k.  s  n ,  i  uSr  i  .*.di 

•  .-•nt  /  ■  /  ‘wo  ana  i  vs  r-_  .  Tne  ■  •  ' .  .'endee t  ct dings  .•/<.>  re  *  cy:..un_  hed  arc4 

.  ,  .  .  col  UiMl  0/  t.ol  UC  n  *.;r  d  I  Si  Kid  no  1  n  .  7m-  i  •  SC  cep.-iOC  i  O'-  vie  re 


After  PRAM  was  developed,  throuqr  <  ^viewing  previous  modeling  efforts.  -  _..,'ng 

accident  data,  and  consulting  witr  , oast  Guard  personnel,  it  was  pr  in  a 

two  volume  technical  brief  -  reprcdo.  d  in  Appendix  A.  In  order  to  capture  some  of 
the  sequential  dependencies  in  the  events  relating  to  powering  accidents,  event 
trees  were  developed  for  each  type  of  accident  that  was  accepted  into  the  PRAM 
sample.  Thus,  PRAM  has  many  of  the  good  features  of  a  matrix  model  (flexibility, 
completeness)  and  some  of  the  benefits  of  a  tree  model  (sequential  dependencies, 
interrelationships).  Some  of  PRAM's  specifics  are  denoted  in  the  following  para- 
qrapns . 

The  model  codes  information  by  boat.  Other  models  code  information  by  victim  (the 
Accident  Recovery  Model  (ARM),  and  the  Flotation  Effectiveness  Model  (FEM)).  Only 
vessels  with  significant  powering  problems  vere  coded  in  PRAM  in  Task  II.  The  model 
is  organised  so  that  bookkeeping  data  are  grouped  in  the  first  set  of  columns 
(nonto,  year,  time,  accident  type,  etc.).  Boat  data  concerning  the  particular 
boat  to  be  coded  are  grouped  in  the  next  columns  (boat  type,  boat  length,  etc.). 
Following  tne  boat  data,  accident  data  are  coded  (course,  powering  Oenavior, 
activity,  etc.).  Capacity  information  is  then  coded  (rated  horsepower,  rated  POB 
capacity,  etc.),  followed  by  damage  and  injury  information  (damage  to  vessel, 
injuries  -this  vessel,  etc.).  Finally,  event  trees  and  special  variables  are 
coded.  Tnese  variables  and  event  trees  are  specific  to  the  node  of  acceptance  on 
tne  powering  related  accident  decision  tree  for  this  boat. 

•'RAM  •••: ;  Peer,  designed  to  make  use  of  Kediction  and  assessment  methodologies 

■:  *  ■  ARM  md  otno**  models,  -'rations  of  tnese  exist' no  programs  and  analy- 
s  :  s  n  iq •.(■••>  t.n  be  applied  directly  to  -RAM.  Additional  ana ;  .r^es  v/e  re  designed 
t-v  i  *  a:'  *o>'  pram,  wnicn  ;ses  routines  in  Statistical  Prr.gr  *or  Social  Sciences 

. .  .  Tot'.--  anaiyti'd.  techniques  were  developed  orimari  on  tne  evaluation  of 

-c.w  ,  oq  r>-  t  .at ion  a  1  ternaf.i  ves  and  do  fief  ;  t  estimations  usinn  accident  severity 

V  ;i r"  *  i  L‘  i  •:  •  . 

In  s..rr.iry ,  PRAM  ha.  peer,  developed  jsi.ng  accident  data,  Wyle  expertise  developed 
f rom  s r‘"/ 1 on s  aatu  analysis  efforts,  and  consultations  with  tne  Coast  Guard.  The 
model  nus  De.-r;  designed  to  perform  three  functions:  1)  to  summarize/organize 
powering  related  accident  data  and  provide  scenarios  of  common  powering  related 
accidents,  2)  to  identify  the  dominant  mechanisms  of  tnese  accidents,  and  3)  to 
provide  sta'  'tics  unci  probabi  1 1  ties  on  all  re'e-cnt  'act"* ;  and  combinations  of 
factors  in  tnese  accidents.  Trie  model  was  used  to  facilitate  the  estimation  of 


i  <a  ;-.ira:ion  of  the  1  975  accidents  revea.ed  that  accidents  involving  Am  i  litres  «.cn- 
lairiec  a  great  deal  more  information  for  variables  to  be  ceded  for  the  model  than 
..r.a  non-fatal  accidents.  We  therefore  sorted  through  the  1  976  file  for  powering 
related  accidents  involving  fatalities.  Tne  result  was  the  selection  of  86  of 
tnese  cases  to  be  coded  in  PRAM.  The  selection  of  these  yielded  a  totai  sample 

powering  related  accidents  involving  469  boats  {or  cases)  and  204  fatalities 
*  :  ■  :,e  model  for  both  years. 

;  r.;  rge  definition  of  a  powering  related  accident  and  the  decision  tree  are 
. . -m  ny.'io  j$  ,  any  safe  powering  standard,  to  be  effective,  must  prevent  or  reduce  the 
i  t  ,•  of  tnese  accidents. 

te  >■ 1  opment_  and  V al  i dati on  of  Poweri ng  Related  Accident  Mode  1_ 

in  me  previous  section,  the  method  for  selecting  powering  related  accidents  was 
crs^r-ibeu.  This  section  describes  the  development  and  validation  of  the  powering 
miated  accident  model  (PRAM).  This  model  was  developed  in  order  to  categorize  and 
summarize  me  accident  data.  PRAM  provides  frequency  data  and  other  information 
wricn  can  be  used  to  identify  prevalent  powering  related  accident  mechanisms  and 
ever t  r  m:  i  cat  ions. 


2.2.1  The  PRAM 

:e lection  procedure  outlined  previously  generated  a  f’le  of  accidents 
■  n  respect  to  powering  prooiems.  This  file  was  used,  along  with 
rg  and  data  analysis  expertise,  to  formulate  PRAM.  The  scenarios 
:c  .ysanoe  nooes  of  trie  powering  related  model  lecis  ion  tree  were 
iro  ‘nat  tne  model  could  accept  the  relevant  inf  m-ation  for 


m)'1'  wn  :ch  is  very  similar  to  other  analysis  models  developed  for  the 
/  ■:••/] e.  it  nas  many  variables,  allowing  for  the  coding  of  all  r ele¬ 
ct*  •  11 .  Jn Known  Jata  does  not  preclude  the  coding  of  other  known  data  in 
.  :  matri <-l ike  model.  In  models  composed  of  one  or  a  few  large 
unknown  data  may  prevent  the  decision  at  a  high  node  *n  a  tree, 

■j  urine  the  coding  of  information  that  is  known  lower  in  the  tree, 
ha-,  pen  in  PRAM,  (for  furtner  discussion  of  tr.e  differences  in  these 
.m  Reference  3  ) 


Power  Related  Accident  Scenario  Noe  -  16* 


A.  Operator  is  proceeding  at  high  speed  across  a  lake.  He  hits  a  wave  and 
loses  control  of  the  boat,  which  goes  into  “dynamic  instability"  and 
capsizes.  One  occupant  drowns  either  due  to  "sudden  drowning,"  being  a 
nonswimmer,  or  being  hit  on  the  head  during  the  capsize. 

B.  Operator  is  proceeding  up  narrow  waterway  at  high  speed.  Rounds  a  bend 
and  finds  boat  in  path.  In  attempting  to  avoid  other  boat,  loses  control 
and  capsizes.  One  occupant  drowns  or  extensive  property  damage  occurs. 

Power  Related  Accident  Scenario  Node  17 

Boat  proceeding  at  high  speed  encounters  large  wave  which  enters  over  the  bow 
and  swamps  the  boat.  One  or  more  occupants  drown  prior  to  rescue. 

Power  Related  Accident  Scenario  Node  18 

3oat  oroceeding  at  hign  speed  encounters  a  wave  or  wake  which  causes  one  or 
more  of  its  occupants  to  fall  overboard  or  fall  within  the  boat.  One  or  more 
occupants  drown  prior  to  rescue,  or  is  severely  injured  by  the  fall  within 
tne  boat. 

Power  Related  Accident  Scenario  Node  19 

A  boat  proceeding  at  high  speed  encounters  a  wave  or  wake  which  causes  the 
boat  to  capsize.  One  or  more  occupants  drown  prior  to  rescue. 


2.1.4  Final  Accident  Sample 


After  all  of  the  refinements  to  the  decision  tree  were  made,  all  of  the  1200  acci¬ 
dents  selected  by  the  machine  sort  from  the  1975  file  were  reprocessed  through  the 
tree.  :ne  result  was  a  selection  of  383  powering  related  cases  to  be  processed 
tnrough  the  Powering  Related  Accident  Model.  It  should  be  noted  that  eacn  case 
represents  a  single  boat,  ana  that  in  some  multiple-boat  accidents,  mere  tnan  one 
ooat  experienced  powering  related  problems.  Thus,  the  total  number  of  powering 
related  cases  is  greater  than  the  actual  number  o;  accidents.  It  was  felt  that 
additional  cases  could  be  selected  from  the  1576  accident  file  to  provide  a 


;roaaer  coverage 


of  boater  exposure  without  groi.lv  a? f  a,  n  ng  the  total  sample  size. 


*  "hone ~7'.e  seen j-  ios  do  not  encompass  tne  recklessness  of  boat  operators  or 
passengers,  whit n  would  be  nard  to  overcome  by  a  powering  standard. 


:me  of  day 
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TABLE  2-5.  OkjlK  Of  BOATS  INVOLVED  IN 
POWERING  RELATED  ACCIDENTS  BY  ACCIDENT  TYPE 


ACCIDENT  TYPE 

NO.  OF  BOATS 

REL.  PERCENTAGE 

Col  1 ision/Groundi ng 

180 

38.4 

Falls  Overboard/Withm  the  Boat 

147 

31  .3 

Swamp i nq/Capsi zing/Floodi  ng/Sinn ng 

128 

27.3 

Struck  by  Propeller 

13 

2.8 

Other 

1 

0.2 

BOATS  INVOLVED 
ACCIDENTS'*  BY 

IN  POWERING 

TYPE  OF  BOAT 

RELATIVE 

NO.  BOATS  IN 

RELATIVE 

PERCENTAGE** 

P-R  ACCIDENTS 

PERCENTAGE 

o2 . 7 

298 

63.5 

21.5 

49 

10.4 

15 

3.2 

10.1 

') 

0.4 

! 

\ 

* 

0 

c 

0.4 

i 

i 

0.2 

i 

:  4.o 

1  . 1 

y 

... 

18.3 

i _ 

.  . 

_ 

2.3 

3uA  i 


NO.  OF  BOATS 
IN  ALL  ACCIDENTS'* 


iable 


COMPARISON  OF  NUMBER  OF  BOATS  IN  ALL  ACCIDENTS* 


A  I  \ 

POWERING  RELATED  A." 

IDENTS  BY  BOAT  LENGTH  CATEGORIES 

i"  AT  Li-NuTH 

NO.  OF  BOATS 

RELATIVE 

NO.  BOATS  IN 

RELATIVE 

1  GORY 

IN  ALL  ACCIDENTS* 

PERCENTAGE** 

P-R  ACCIDENTS 

PERCENTAGE 

,_ess  tiiaii  16  ft 

2053 

22.9 

201 

' o  -  26  ft 

4549 

50.8 

227 

’.J  ft 

1309 

14.6 

1! 

ft 

361 

4.0 

t 

30 

0.3 

1 

r- 

652 

7.3 

5 

_ 

1.1 

wf  t:,e  ooats  having  powering  related  accidents  were  boat  lengths  regulated 

*  -taiviara. 

FREQUENCY  OF  BOATS  IN  POWERING  RELATED  ACCIDENTS  BY  BOAT  WIDTH 


Unknowns  for  this  variable  are  quite  high  due  to  lack  of  manufacturer's  information 
on  earlier  model  boats,  and  lack  of  model  specification  on  BARs. 


TABLE  2-10.  FREQUENCY  OF  BOATS  IN  POWERING  ACCIDENTS  BY  YEAR  OF  MANUFACTURE 


YEAR  OF  MANUFACTURE 

NUMBER  OF  BOATS 

REL.  PERCENTAGE 

1974 

53 

11.3 

1972 

52 

11.1 

1973 

44 

9.4 

1975 

39 

8.3 

1971 

30 

6.4 

1968 

23 

4.9 

1970 

19 

4.1 

1969 

18 

3.8 

1976 

11 

2.3 

Prior  to  1968 

98 

20.9 

Unknown 

82 

17.5 

At  least  42.4'.,  of  the  boats  involved  in  powering  related  accidents  were  built 
after  the  effective  date  of  the  present  standard  (the  addition  of  some  of  the 
unknowns  would  increase  this  figure). 


TABLE  2-11  FREQUENCY  OF  BOATS  IN  POWERING  ACCIDENTS  BY  TYPE  OF  POWER 


TYPE  OF  POWER 

NO.  OF  BOATS 

IN  ALL  ACCIDENTS* 

RELATIVE 

PERCENTAGE** 

NO.  BOATS  IN 
P-R  ACCIDENTS 

RELATIVE 

PERCENTAGE 

.,)  J  t  l)  Of:  rcJ 

3955 

50.3 

323 

68.9 

’  / 

1299 

16.7 

70 

14.9 

Inboard 

2405 

30 . 9 

61 

13.0 

Other 

129 

1 .  7 

15 

3.2 

Nearly  70  of  the  boats  in  powering  related  accidents  were  outboards,  the  type  of 
boats  covered  by  the  regulation,  whereas  only  50. 87,  of  the  boats  in  all  accidents  were 
outboards .  Tne  percentage  of  inboard  boats  in  powering  related  accidents  appears  to 
be  considerably  less  than  the  percentage  in  all  accidents. 


■ . 1- j'  ’  to r  1 A 7  6 

b  i d f  i  upon  only  these  rategones  used  in  the  table. 


D  I 


*  * 


TABLE  2-12.  FREQUENCY  OF  BOATS  .  N  POWERING  ACCIDENTS  2'  . 

SPEED  (MPH)  NUMBER  Or  BOATS  I  KEL.  PERCENTAGE 


ts  rtnere  the  speed  was  Known,  nearly  70S  were  traveling  nt  speeds 
ucjriz  to  be  safe  for  most  water  craft. 

TABLE  2-13.  FREQUENCY  OF  BOATS  IN  POWERING 

accidents  by  . ype  of  steering  controls 


accidents  in  tne  lata  base  there  is  indication  that  'no  operator 
to  change  course  prior  to  the  accident;  however.  tne  cases 
",  indication  tnat  he  did  at  tempt  to  change  course,  there  is  also 
■  tr.it  -;e  aid  not  lose  control  o*  tne  boat  in  making  m.  corrections 
thwse  cases. 

j-  tne  sample,  tne  incident  Iia  not  occur  durirg  m  intentional 
••  .v  .  joi  for  approximately  ne  tne  case0 ,  it  was  not  <nown  it  f  he 
:  •  tempted  m  harm  .--mr  •■.*-.  ■  ;.>••  i  t  n*  r.ne  operators  w.n-j  .1 » d  it  tempt 

in  the  ,e  acc  i  den's  Ci  i  not  lose  control  of  their  boats,  Las..  of 
.  r  i  r.  .  i'  intentional  course  cv.,:n<;e  accounted  for  about  22  of  tne  data, 
!'•/  mses  u  f  I.,--.',  o*  '  -a  r  ■  *.  wo  I  Ptinu  the  operator  being  displaced 
'•■trot  .tation  whim  •»«ec  it  nr,  the  .uneuver,  or  waves  and  wakes ,  et.. . 


2.3.2  Analytical  Results 


Section  2.3.1  presented  the  basic  results  of  the  coding  of  the  PRAM  sample,  one 
variable  at  a  time.  In  this  section,  the  discussion  will  concentrate  on  those 
variables  and  variable  combinations  that  provide  significant  input  to  the  identi¬ 
fication  of  powering  accident  mechanisms,  the  development  of  powering  accident 
scenarios,  and  the  evaluation  of  powering  regulation  concepts. 

The  powering  related  accidents  and  the  accidents  reported  in  CG-357  are  broken 
down  by  geographic  region  in  Figure  2-7.  The  regions  are  comprised  of  the 
states  shown  below: 


Region  1 

Region  2 

Region  3 

Region  4 

Washington 

North  Dakota 

Maine 

Texas 

Oregon 

South  Dakota 

New  Hampshire 

Arkansas 

Cal i fornia 

Nebraska 

Vermont 

Louisiana 

Idaho 

Kansas 

Massachusetts 

Tennessee 

Nevada 

Mi nnesota 

Connecticut 

Mississippi 

Ari zona 

Iowa 

Rhode  Island 

Alabama 

Montana 

Missouri 

New  York 

North  Carolina 

Wyoming 

Wi scons i n 

Pennsyl vania 

South  Carolina 

Utah 

Illinois 

New  Jersey 

Georgia 

Col orado 

New  Mexico 

Alaska 

Hawa i i 

Indiana 

Mi  chi gan 

Ohio 

Delaware 

Maryland 

West  Virginia 

Vi rginia 

Kentucky 

Washington,  DC 

Florida 

The  powering  problem  has  a  regional  character.  In  the  categorization  of  the  PRAM 
cata  by  states,  Alabama,  North  Carolina,  and  South  Carolina  (all  southeastern 
states/  ranked  fourth,  seventh,  and  tenth  in  powering  accident,  respectively. 

The  same  states  ranked  fourteenth,  tenth,  and  twentieth  in  overall  boating  acci¬ 
dents  according  to  CG-357  data  for  1976.  Meanwhile,  Washington  and  Maryland, 
which  were  both  in  the  ten  states  with  the  most  accidents  in  1976  (eighth  and 
ninth,  respectively),  tied  for  twenty-eighth  in  the  rankings  for  powering 

53 


accidents.  The  tendency  for  southeastern  states  to  have  more  poweri- g  .  lents 

can  be  shown  by  the  data  in  the  two  maps  of  Figure  2-7.  The  southeastern  states 
represent  approximately  one-third  of  the  powering  accidents.  Meanwhile,  the 
north  central  region  represents  less  than  one-fifth  of  the  powering  problem. 

This  variable  was  singled  out  to  be  used  early  in  this  section  merely  to  indicate 
the  complicated  nature  of  modeling,  regulating,  and  predicting  the  powering  problem. 
Based  on  these  data  (state)  one  could  predict,  just  from  knowing  that  an  accident 
occurred  in  the  southeast  as  opposed  to  the  north  central  area,  that  it  was  nearly 
twice  as  likely  that  it  was  a  powering  accident.  And  yet,  it  is  difficult  to 
conceive  of  incorporating  region  of  the  country  into  a  powering  standard. 

Accident  Mechanism  Variables 

The  next  section  will  describe  accident  mechanisms  and  scenarios  in  detail  for  each 
PRAM  accept  node.  In  this  subsection,  general  variables  relating  to  powering 
accident  mechanisms  will  be  presented. 

As  snown  in  Section  2.3.1,  there  are  three  basic  accident  types  in  the  PRAM 
sample.  Collisions,  capsi zi ngs/swampings  (including  floodings  and  sink¬ 
ings),  and  falls  within  the  Doat  or  overboard  count  for  455  of  the  469  boats 
in  :ne  PRAM  sample  (97'T).  Thus,  the  mechanisms  for  these  accident  types,  identified 
in  the  safe  loading  projects,  collision  projects,  and  in-depth  collision  and  capsiz- 
ing/swamping  investigations,  are  applicable  to  powering.  However,  the  powering 
accident  mechanisms  and  scenarios  represent  special  subgroups  within  each  of  these 
accident  types. 

Speed  was  unknown  in  306  (65%)  of  the  cases;  therefore,  nothina  can  be  stated  with 
confidence  about  its  role  in  these  accidents.  This  laroe  number  of  unknowns  occur¬ 
red  despite  the  fact  that  soeed  was  estimated  when  throttle  settina  and  total  weioht 
were  known. 

For  40 1  caras  (36  -  of  the  total)  the  operate'  aid  not  change  throttle  setting  or 
this  information  was  unknown.  For  those  who  did  change  throttle  setting,  44 
increased  power  ana  23  decreased  power  (one  unknown  as  to  increase  or  decrease). 


water  conditions  could  have  been  a  rector  for  about  half  of  toe  acc-oeo..: 

In  -  50's),  with  38"  of  the  boats  in  choppy  or  rough  conditions,  and  12s  in 
y  rougn  conditions  or  a  swift  current,  for  the  cases  reported  in  CG-357 
re  water  conditions  were  known  (1976  data,  earlier  data  not  available), 
were  in  calm  water,  36%  were  in  cncpuy  or  rough  conditions,  and  S were 
strong  currents.  The  wind  was  strong  or  at  a  storm  level  in  only  50  (11") 
toe  oases,  and  was  calm,  lignt,  or  moderate  otherwise.  For  the  known  cases 
orted  in  C3-357  (1976),  13d  were  in  strong  or  storm  level  winds,  with  the 
sunder  in  calm,  light,  or  moderate  winds. 

■  node  of  acceptance  data  when  viewed  in  conjunction  with  the  accident  type 
j  reporter!  above,  indicate  that  a  variety  of  accident  mechanisms  have  to  be 
>cri  bee  ir.  order  to  account  for  all  powering  accident  scenarios.  The  data 
.'0''*ee  in  the  preceding  paragraphs  snow  that  it  is  not  true  that  a  few  values 
a  few  •/'.riables  will  describe  the  conditions  that  are  dominant  in  powering 
wnent".  More  detailed  accident  data  are  presented  for  eacn  accept  node  in 
i  next  .action,  and  commonalities  (sources  for  potential  accident  prevention 
/gears  arc  standards)  are  called  out  there,  wnen  possible. 

ye / i  f.//L f  recti  veness  Variables 

‘-nat  3T4  fatalities  are  include'!  in  the  PRAM  sample  and  over  '000  victims, 
d'..afw  *ce  magnitude  of  the  powering  problem.  Several  variaoles  were  included 
*'  wear  to  indicate  the  cost  of  these  accidents  in  damage,  injuries ,  and 
i  j  ■> ' .  Olnt-r  data  were  included  in  order  to  allow  the  eval  inner  or  reyula- 
r,  c  js.'iV  :  .  including  the  present  standard. 


1  ’  is,  :  for  eacn  of  trie  powering  ratios  identified  previously  were  obtained 
.'.wn  o"  succeeding  pages.  Figure  2-8  snows  the  number  of  boats  at  eacn 
•  :  ■  sc .  ro’-  "icunted  horsepower  divided  by  rated  horsepower  (the  latter 
■  e-  '  ’ nrg  mo  formula  in  the  powering  standard).  For  tne  purposes  of 
'  .  j  i  ’  ■-..•its  were  used,  including  tnose  that  were  built  before  1373.  Some 
he  .icHs  were  in  compliance  with  the  regulation  before  it  was  icogted. 

g.dncim.  i  f  effective,  snould  prevent  many  powering  accidents, 

?  severity  ot  them  when  they  do  occur.  Figure  2-8  shows  that 

,  r  '  '!•>  3R'1-M  s  ui'.D  1  wore  in  Cu”  ;j  1  l  :  pc  e  with  tne  powering  standard  and 


v.er,',vj  acci-entb  an-, way.  1*  * oe  standard  were  very  effective,  t a',  <;♦ 
a.,  i dents  would  have  beer,  pre.-ertem  While  these  data  cannot  star.c  alone, 

•are  s,ggesti.e  of  tne  fact  tnat  nan,  powering  accidents  are  not  prevented 
,  o/  corpi  iance  .-r  tn  the  current  standard. 

e  .  - ore  sen*  a  tne  sane  data  for  boats  ta.it  prior  to  IS  72  and  afte**  1375, 
seoa  "i  te '  ,  .  7ne  carves  are  nearly  identical.  Tr.e  current  powering  stanca  no 
A,r  a’ ;er  tne  distribution  of  powering  ratios  for  boats  involved  in  those 
lents .  -V-  ,nown  in  the  figure,  the  'tear,  tor  power  ratio  number  one  (mounted 

■;  cwO'-:  rated  norsepower)  was  the  sam  *or  pre-requlat  Ion  and  post-regulaticn 
*  r  i  s  '"ear;  0.351  makes  sense  intuitively,  since  many  boaters  "ay  buy  an 
u-  * r  i ■  • . :  .  v  *  slightly  less  horsepower  man  the  boat  is  rated  for,  rather 

n:,  ,  i'-:  ::rea*:er  than  the  rating.  7 nese  data  car.  be  broker,  Gown  Still  fur- 

.  •  **•-■  j .  vt-'i  ouiion  of  power  ratio  •lu-iOe'"  one  is  tabled  only  for  outboards 
-  •*  i;  lenjtw,  (i.e.,  only  for  tnose  to  whom  the  standard  apoiiesi  the  data 

at,l  -  . -i  result.  A  chi-square  test*  shows  no  significant  relationship  between 
if  cm*  end  pow'-r  ratio  66,  four  degrees  of  freedom,  p  0.75).  This 

uo  :  ■' I  .names  in  tne  distribution  of  power  ratios  after  the  regulation  was 
ed  *k  boa*/  involved  in  powering  accidents. 


;  h  i  -  ,,u;ra  rests  are  j  ej  n.  this  report.  The  purpose  of  thi  s  toot- 
;  describe  the  tests  that  were  performed,  and  so^e  of  tne  prooer- 

-•  *  ••  s-  vets,  when  one  wishes  to  aetemine  the  tigni  ficance  ■' f  m  f Terences 
,  ■  "ore-  groups,  a  chi-square  test  may  be  used.  The  null  hypothesis 

•  ,  •  * ■■'•are  are  no  differences  in  the  frequencies  observed  in  the  fraguen- 

. :  ve  ■ .  m  •  n  me  data  tabic.  More  speci  fica  lly,  the  hvoomems  under  test  is 
Mjt  tn>.-  two  (or  more)  groups  di  f  fer  witn  respect  to  some  characteri  Stic 
■  ■  ,■  ■  *o  *  n  respect  to  the  relative  frequency  with  which  group  memoe  rs  tali 

- .  -'a ,  ,.a  tec,  ories.  The  hypothec  :s  is  tested  by  counting  the  number  of  cases 
- : .  ,  ertuu  whicn  fall  in  the  various  categories,  ana  comparing  the  proportion 
i'p  1  ■  i ",  .-roup  in  those  categories  with  the  proportion  or  rases  from 

.■  ....  .  7/  convention,  a  level  of  sinni  ficance  cf  5  (i.e.,  ,i-0.05)  is 
r  .  ■  j  ; s  jri  acceptable  probability  of  Type  I  error.  Tne  alternative 

i'ipcp  *ra.  is  accepted  when  H  is  rejected  is  that  there  are  di fferences 

teen  jroups  m  ine  observed  frequencies  in  various  categories.  The  differences 
"4.  r h e r  examined  by  inspection.  In  sore  cases,  the  contribution  *o  the  ch'- 
/o  .a  ’  il  i  •  i  on  from  a  single  comparison  (one  category;  is  enough  to  <-m  k  e  the 
significant,  in  these  cases,  such  a  category  oovious  I  i  ;s 
. ted  *  .i  significant  difference  between  tne  two  groups. 


(continued) 


★ 


en  the  data  taole  is  a  breakdown  of  frequencies  in  a  2x2  contingency  table,  the 
st  is  computed  as, 

N(1A0-BC1-|)‘ 

' '  '  ( A+B) (C+C) (A+C)(B+D)  ’  df=1 

ere  A,  6,  C,  and  0  are  the  table  entries.  For  a  larger  data  table,  witn  r  rows 
d  k  columns, 


r 

fZZ 


j  =  l  i '  1 


df= ( r-1 ) ( k-1  ) 


ere  0.  .  is  the  observed  frequency  in  cell  (i,j)  and  E..  is  the  expected  frequency 
1  -  i  j 

11  M,j).  The  E^'s  dre  computed  by  multiplying  the  marginal  total  for  row  i  by 

e  marginal  total  for  column  j  and  dividing  by  the  total  of  all  the  frequencies  in 
e  table.  When  the  ,2  value  has  been  computed,  then  a  statistical  table  of  the 
stribution  function  for  is  consulted  to  determine  the  critical  y-  value  based 
on  tne  degrees  of  freedom  and  the  desired  level  of  significance.  When  the  com- 
ited  statistic  exceeds  tne  value  that  has  been  found  in  the  table,  then  Hq  is 

•jected,  otherwise,  Hq  is  accepted.  In  this  report,  we  have  chosen  <.= 0 . 05 . 


cm-squa^e  test  on  a  2x2  contingency  table  is  often  referred  to  as  a  "chi-square 
st  ‘'or  association"  since  the  rejectior  of  the  null  hypothesis  implies  some 
sociation  oetween  tne  two  categorized  variables;  i.e.,  knowledge  of  one  provides 
ime  i nfo mat  ion  as  to  the  probable  value  taken  by  the  other.  It  also  indicates 
ar  tne  cell  by  cell  probabilities  are  different,  such  as  in  Table  2-19  of  this 
'dor t .  A  cni -square  test  on  a  2xn  contingency  table  is  often  referred  to  as  a 
m-  .quare  test  for  two  independent  samples"  and  results  in  a  comoarison  of  the 
<o  distributions  across  categories.  The  rejection  of  Ho  in  this  case  implies  that 

e  dittr; potions  are  not  the  same.  These  are  the  two  major  types  of  chi-square 
sts  used  in  this  report. 

ie  interested  reader  is  referred  to: 

Sidney,  Nonparametr i c  Statistics  for  the  behavioral  Sciences.  New  York 
v,c  iTraw  ■  -1:  1  1  ,  1  356. 

Hayes,  William,  Statistics,  New  York:  rlolt,  Rinehart  and  Winston,  1963. 


NON-COMPLIANCE 


Post-Requ latiori  Mean  - 
Pre-Regulation  Mean  = 


i 


ccident  mecnanism  that  is  identified  at  this  node  is  improper  loading 
ee  water  in  the  boat.  A  typical  scenario  is: 

A  boat  is  proceeding  a  fairly  high  rate  of  speed  in  rough  water. 

As  the  amount  of  water  that  splashes  into  the  boat  increases,  its 
loading  effect  increases  and  the  rolling  motion  of  the  boat  causes  the 
water  to  slosh  from  side  to  side.  Soon  the  operator  is  unable  to 
maintain  his  course  and  a  wave  from  the  side  of  the  boat  causes  the 
boat  to  capsize.  Without  PFDs,  the  victims  soon  drown  or  in  some 
cases  are  trapped  under  the  overturned  boat. 
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accidents  accepted  at  Node  18  include  falls  within  the  boat  and  falls 
board  tnat  result  from  a  wave  or  wake.  The  most  frequently  encountered 
dent  mechanism  for  tnese  accidents  is  unexpected  boat  movement.  A  typical 
ario  for  this  mechanism  is: 

a)  A  boat  is  proceeding  at  a  fairly  high  rate  of  speed  with  the  occupants 
all  seated  in  their  seats  or  otherwise  in  good  positions  when,  without 
sufficient  warning,  the  boat  makes  a  drastic  movement  because  of  the 
encroachment  of  a  wave  or  wake.  One  or  more  of  the  occupants  finds 
that  the  movement  was  of  sufficient  magnitude  to  throw  him  into  the 
water,  where,  without  a  PFD,  he  soon  drowns.  In  many  cases,  the 
occupants'  or  the  operators'  reactions  have  been  impaired  because  of 
their  ingestion  of  alcohol. 

slightly  fewer  cases,  the  same  accident  mechanism  is  involved  in  the  same 
e  of  accident  portrayed  in  the  above  scenario  with  tne  exception  that  one 
more  of  the  occupants  contribute  to  the  fall  overboard  by  sitting  on  the 
k  of  a  seat,  on  the  gunwale,  standing-up,  or  otnerwise  being  in  a  poor 
ition  within  the  boat.  The  results  are  often  the  same  and  the  victim 
unders  without  a  PFD. 

licue  19 

acc i dents  accepted  at  Node  19  involve  caps i zings  that  are  caused  by  a  wave 
wdKe  *• q  scc’Jent  mechanism  tnat  is  identified  here  is  collision  with  a 
e.  A  t/eical  scenario  is: 

a '  A  boat  is  proceeding  at  a  fairly  nigh  rate  of  speed  and  encounters 

'■o-.qr  water  wh’ch  enters  the  boat  over  the  bow  or  side  as  tne  boat  is 
■  ;o I nq  too  fast  to  follow  the  rolling  notion  of  the  water.  With  the 
be. a’,  being  tilled  with  water,  the  amount  of  freeboard  is  lowered  and 
boat  eventual  1/  capsizes  because  of  tne  continuing  action  of  the 
waves,  without  PFDs  and.  in  many  oases,  being  hampered  by  the  in¬ 
gestion  of  alcohol,  the  victims  soon  drown. 


to  prevent  it  from  cranking  when  it  is  in  gear  and  when  tne  engine 
is  cranked,  the  sudden  surge  tosses  the  occupant  out  of  tne  boat. 

The  victim,  then,  is  either  cut  by  the  propeller,  or  drowns  because 
he  is  not  a  good  swimmer  and  is  not  wearing  a  PFD. 

Node  17 

icc i dents  accepted  at  Node  17  involve  boats  which  were  swamped  by  a  wave 
»  over  the  bow  or  side.  The  accident  mechanism  frequently  encountered 
s  oscillatory  momentum  along  the  pitch  axis.  A  typical  scenario  for  an 
it  involving  this  mechanism  is: 

!  A  ooater  proceeds  against  strong  current  or  rough  water  caused  by 
weather  or  other  boat  traffic.  Because  of  the  poor  judgment  on  nis 
load  placement  or  the  speed  with  which  he  should  plough  through, 
dynamic  oscillations  of  the  boat  are  forced  out  of  phase  with  the 
waves.  This  condition  worsens  until  a  wave  crashes  over  the  bow, 
flooding  the  boat  and  drowning  the  engine.  Free  water  in  the  boat 
compounds  the  problem  by  reducing  freeboard  and  the  oscillations 
finally  reach  such  magnitude  that  the  boat  capsizes.  Without  PFDs, 
the  occupants  are  soon  victims  of  drowning. 

r  acc 'dent  that  is  frequently  encountered  involving  the  same  accident 
ism  n.e.,  oscillatory  momentum  about  the  pitch  axis)  is  portrayed  m 

e  n  a  r  i  o : 

)  ooater  is  proceeding  at  high  speed  and  rapidly  encounters  rough 
water  Unable  to  stop,  the  boater  jumps  the  first  wave  only  to  find 
tne  cow  of  his  boat  pitching  under  the  top  of  the  next  wave.  That 
wave  crashes  over  the  bow,  fills  the  boat  with  water,  and  drowns  the 
engine.  The  boat  then  capsizes  and  sinks,  leaving  the  non-PFD 
wearinc  occupants  in  the  free  water  and  drowning. 


sre  were  a  few  accidents  accepte  ■  t  Node  14  that  involved  anotnei 

cnani sm.  This  mechanism  is  impact  of  wave  or  wake  from  the  side.  A  typical 

enario  for  these  accidents  is: 

c)  A  boat  is  proceeding  at  a  fairly  high  rate  of  speed,  perhaps  pulling 
a  skier.  The  skier  falls  or  the  operator  otherwise  decides  to  make  a 
turn-around  maneuver  without  reducing  speed.  While  in  the  turn,  the 
boat  is  nit  by  a  wave  or  wake  resulting  in  a  capsizing  or  swanping 
of  the  boat.  Since  the  occupants  are  not  wearing  PFDs,  one  or  more 
become  drowning  victims. 

Node  1 5 

3se  accidents  accepted  at  Node  15  involve  a  sudden  application  of  power 
ather  intentional  or  unintentional.  The  most  frequently  encountered  accident 
thanism  here  is  sudden  transverse  acceleration.  A  typical  scenario  for  an 
tident  involving  this  mechanism  is: 

a)  Several  persons  are  out  pleasure  cruising.  The  operator  stops  to 

drift  for  awhile  or  is  proceeding  along  at  idle  speed.  The  operator 
decides  to  initiate  more  power  and  because  of  his  misjudgment  or  his 
lack  of  experience,  doesn't  realize  that  this  action  will  result  in 
an  occupant's  dislocation  or  a  collision  or  otherwise  catastrophic 
action  One  or  more  of  the  occupants  ends  up  in  the  water  without 
a  PTD  and  dies  either  from  drowning  or  from  injuries  received  as  the 
accident  initiated. 

other  accident  mechanism  identified  at  this  node  is  starting  motor  in  gear.* 
typical  scenario  for  accidents  initiated  by  this  mechanism  is: 

b;  During  a  normal  day's  boating  the  operator  experiences  trouble  with 
t.ne  engine  'a  weak  battery  prevents  electric  start,  or  perhaps  the 
engine  jus:  isn't  running  right/.  ”he  operator  or  a  passenger 
attempts  to  crank  the  engine  by  hand.  The  engine  has  no  1 oc ^  out 

Note:  These  accidents  were  included  in  the  sample  because  "starting  in  gear" 

was  not  originally  stated  or  -odea  as  the  primary  cause  cf  the  accident. 


2.3.3  Accide-u  echanisms  and  Scenarios 


The  development  of  the  provisions  in  PRAM  for  identifying  the  accident  mechansims 
that  initiate  powering  related  accidents,  and  the  detailed  scenarios  for  the  acci¬ 
dent  mechansims,  is  described  in  detail  in  Appendix  A.  This  section  uses  these 
provisions  to  provide  an  indication  of  the  relative  frequency  of  occurrence  of 
each  mechanism.  The  distribution  of  powering  related  accidents  by  node  of 
acceptance  is  shown  in  Figure  2-11. 

Accident  mechanisms  and  scenarios  were  derived  for  those  accidents  that  were 
accepted  at  Nodes  14,  15,  17,  18,  and  19  on  the  powering-related  accident 
decision  tree. 


Node  14 

Those  accidents  accepted  at  Node  14  involve  capsizings,  swampings,  and  falls 
overooard  during  intentional  changes  in  direction  (course  changes).  The  most 
frequently  encountered  accident  mechanism  for  these  accidents  was  excessive 
lateral  acceleration.  A  typical  scenario  for  this  mechanism  is: 

a)  A  boat  is  proceeding  along  its  way  at  a  fairly  high  rate  of  speed 
with  one  or  more  occupants  improperly  seated  (i.e.,  sitting  on  a  seat 
back,  on  the  gunwale,  or  on  the  deck),  and  not  wearing  a  personal 
f’otation  device  (PFO).  The  operator  starts  to  make  a  sharp  (i.e., 
approximately  90’)  turn  anc  one  or  more  of  the  occupants  falls 
overboard,  is  nit  by  the  boat  or  its  propeller,  and  is  Killed  or 
seriously  hurt. 

Slightly  less  often  the  same  accident  mechanism  (excessive  lateral  acceleration ) 
is  involved  in  a  scenario  such  as: 

b)  A  boat  is  proceeding  along  its  way  at  a  fairly  high  rate  of  speed  with 
its  occupants  properly  seated  in  their  seats  but  still  not  wearing 

The  operator  starts  to  make  a  sharp  turn  and  one  or  more  of 
che  occupants  are  thrown  out  hv  the  violent  action  of  the  boat.  The 
overboard  victim  is  then  hit  by  the  boat  or  its  propeller  and  is 


TABLE  2-21.  HORSEPOWER:  BOAT  LENGTH  VS.  FATAL  AND  NONFATAL  ACCIDENTS 

RATIO  #2 


NUMBER  OF  BOATS 

0-3 

3-6 

6-9 

9+ 

FATAL  ACCIDENTS 

82 

40 

17 

25 

NONFATAL  ACCIDENTS 

56 

88 

85 

70 

OTE:  There  are  6  unknowns  for  this  tabulation. 

,s  with  the  other  powering  ratios  before,  the  chi-square  statistic  for  association 
n  Table  2-22  is  statistically  significant  (.,.4*11.51,  degrees  of  freedom  =  2, 
1-0.005),  indicating  that  the  distribution  of  boats  in  fatal  accidents  across  power- 
ng  ratio  number  three  is  different  from  the  distribution  for  nonfatal  accidents. 

'he  difterences  in  the  distributions  are  due  to  the  fact  that  the  boats  in  fatal 
iccidents  are  more  heavily  concentrated  in  the  lowest  (0-0.1)  category,  while  the 
aoats  in  nonfatal  accidents  tend  to  be  in  the  lowest  or  middle  category. 

Inus,  ail  three  power  ratios  have  some  predictive  power  in  terms  of  severity,  when 
seventy  is  measured  in  terms  of  fatal  versus  nonfatal  accidents. 

This  section  has  presented  some  analytical  results  from  PRAM,  many  of  which  will  be 
expanded  in  Section  3.0  when  comparisons  are  made  between  powering  and  non-powering 
accidents  The  next  section  deals  with  detailed  accident  data.  Descriptions  of  the 
accident  mechanisms  are  presented  along  with  scenarios  which  reflect  dominant  power- 

inn  problems. 


NOTE:  The-'o  are  124  unknowns  for  this  tabulation. 
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is  tabled  below  for  fatal  and  nonfatal  accidents.  Some  categories  wer  e  lapsed 
to  provide  ample  sample  sizes  in  each  cell  of  a  crosstabul ation . 

The  chi-square  statistic  for  association  for  Table  2-20  is  statist  cally  significant 
(a:=9.39,  degrees  of  freedom  =  2,  p-0.01),  and  indicates  that  the  distribution  of 
boats  in  fatal  accidents  across  powering  ratio  number  one  is  different  from  the 
distribution  in  nonfatal  accidents.  It  appears,  based  upon  these  data,  that  the 
formula  used  in  the  current  standard  may  bear  some  relationship  to  the  severity 
(in  terms  of  the  distribution  of  fatalities  by  power  ratio)  of  a  powering  accident; 
however,  these  data  do  not  include  exposure  correlations  or  separate  the  pre-  and 
post-regulation  boats. 


TABLE  2-20.  MOUNTED/RATED  HORSEPOWER  FOR  FATAL  AND  NONFATAL  ACCIDENTS 

RATIO  #1 


NOTE:  There  are  151  unknowns  for  this  tabulation. 

"The  cm-squd‘e  statistic  for  association  in  Table  2-21  is  very  significant  (v2=54.85, 
degrees  of  freedom  =  3,  p- 0.001),  and  indicates  that  the  distribution  of  boats  in 
fatal  accidents  across  powering  ratio  number  two  is  different  from  the  distribution 
in  nonfatal  accidents,  in  particular,  the  boats  with  low  norsenewer:  boat  length 
ratios  in  the  PRAf *  data  (6-9)  are  more  likely  to  be  in  nonfatal  accidents.  (Again, 
tms  ones  not.  contain  exposure  information  and  includes  boats  built  before  and  after 
tne  ef ’•'ecf  ve  date  of  the  regulation.)  Tnese  two  categories  contributed  14.75  and 


TABLE  2-19.  BOATING  SAFETY  EDUCATION  VS.  COMPLIANCE 


OPERATOR 

NUMBER  OF  BOATS  IN  COMPLIANCE 

NUMBER  OF  NON- 

EDUCATION 

(MOUNTED  HP:  RATED  HP  <  1  ) 

COMPLIANCE  BOATS 

None 

134 

41 

At  Least  One  Course 

83 

—  -  _  .  _j 

8 

NOTE:  There  are  203  unknowns  in  this  tabulation. 


Sey erity  Variables 

The  powering  related  accidents  coded  in  PRAM  account  for  200  fatalities  on  the 
vessels  coded  and  4  fatalities  on  other  vessels.  These  four  additional  deaths  were 
from  boats  which  were  involved  in  a  powering  accident,  but  had  no  powering  problem 
themselves.  These  boats  may  have  had  a  collision  with  a  boat  that  was  coded  in 
■RAM.  The  fact  that  there  were  only  four  fatalities  on  these  other  boats  indicates 
tnar  wnen  multiple  ooats  are  involved  in  a  oowering  accident  (there  were  26  total 
Natalities  from  boats  involved  in  collisions  in  the  powering  sample)  the  fatalities 
ire  often  people  from  the  boat  with  the  powering  problem. 

i'  •  *etai  damage  to  tne  vessels  coded  in  PRAM  is  between  $220,000  and  $440,. }O0. 

tne  umage  to  other  vessels  (ones  that  the  PRAM  boats  collided  with)  is 
•  $26,000  and  $65,000.  Thus,  the  total  property  damage  is  between  one- 

;  <•;:  *<-r  .HU  one- no i f  million  dollars.  These  figures  are  based  upon  summing  the 
.I-.'-  ‘  ■:  lower  bounds)  and  upper  (for  upper  bounds)  values  for  the  coutu  use  a  tor 

:k>~  t  hi  tre  data  base  (see  Appendix  B). 

. r .  Pita  .combined  for  PRAM  boats  and  tnose  that  they  r.it)  show  between  30 
:  ’ i i j  months  of  incapacitation,  and  two  people  permanently  disabled.  "r.ese 

i  r  in  or  t  t‘  ores'  :  magnitude  of  the  powering  problem  as  strongly  as  rue  204 

■  u  lea"'  u  t  tn'butable  to  powering  accidents  in  1  975  and  1  976. 

’  ■  r  r  a  1 1  o  s  defined  previously  were  crosstabul  ated  with  total  vers 

■  .  :  i,  i gents  in  the  PRAM  data  base.  Presumably,  if  tne  ratios  meat  <re  a 

.  -o'-*.  'Or  iiaving  power  i  no  accidents,  tnev  might  also  measure  the  -,e;eri  tv  of 

■  •  ."  -i  ,.*r'r.  "nat  is.  if  the  ,.vwer  •  no  '•  nature  is  nigh,  this  mi  out  i  no :  -  ,t  t  1 

■  .‘r‘  j-weririo  accident  tnar  if  it  v.ere  low.  Each  of  these  powering  rati  u 


TABLE  2-17.  HORSEPOWER  PER  7  ■’"AL  BOAT  WEIGHT  VS.  ACCIDENT  TV  't 


HP/TOTAL 

WEIGHT 

LESS  THAN  0.1 

GREATER  THAN  0.1 

Col  1 isions 

52 

49 

Capsizings/Swampings 

86 

23 

A1 1  Others 

77 

55 

NOTE:  There  are  127  unknowns  for  this  tabulation. 

If  experience  with  the  vessel  involved  in  the  accident  is  cross  tabulated  with 
compliance  or  non-compliance  with  the  current  standard,  the  data  in  Table  2-18  result 


TABLE  2-18.  COMPLIANCE  VS.  EXPERIENCE  WITH  THIS  BOAT 


OPERATOR  EXPERIENCE 

NUMBER  OF  BOATS  IN  COMPLIANCE 

NUMBER  OF  NON- 

WITH  THIS  BOAT 

(MOUNTED  HP/RATED  HP  <  1 ) 

COMPLIANCE  BOATS 

0-100  hrs. 

76 

18 

100+  hrs. 

_ 

94 

— 

21 

NOTE:  There  are  260  unknowns  for  this  tabulation. 


The  corrected  Chi-square  statistic  for  association  in  this  table  is  nor.-signi ficant 
{ f‘  *  0.01),  indicating  no  association  between  experience  with  this  boat  and  a 
tendency  for  non-compliance  in  the  PRAM  sample.  A  similar  result  is  found  for 
total  boating  experience  ( <2  <  0.01).  When  the  data  for  boating  safety  education 
are  tabulated  (see  Table  2-19),  the  corrected  chi-square  statistic  for  association  is 
significant  (y"  =  7.59,  1  degree  of  freedom,  0.005  <  p  <  0.01).  This  indicates 
that  operators  in  the  PRAM  sample  who  had  some  formal  boating  safety  instruction 
were  mucin  less  likely  to  be  in  the  non-compliance  category  than  boaters  with  no 
boating  safety  education.  This  is  indicative  of  a  concern  for  general  safety 
awareness  and  education  on  the  part  of  the  boater. 


TABLE  2-15.  ACCIDENT  TYPE  VS.  COMPLIANCE  WITH  CURRENT  STANDARD 


(POWER  RATIO  *1  <  1  .0) 

(POWER  RATIO  ?1  -  1.0) 

BOATS  IN  COMPLIANCE 

NOT  IN  COMPLIANCE 

Col  1 i si ons 

113 

16 

Capsi zings /Swamp ings 

60 

21 

Ml  1  Otners 

84 

24 

NOTE:  "There  are  151  unknowns  for  this  tabulation. 

■*  c  r  ’  cent  i.'i'r  is  crosstabulated  with  power  ratio  number  two  (horsepower  per  foot 
vf  ooat  length;  in  Table  2-lb.  The  statistic  for  these  variables  is  very  signi- 
f  •  \mt  fr:.;C,  degrees  nr"  freedom  =  6,  p-0.001).  It  indicates  that  tne  propor- 
* '  nr  of  r  tv  involved  in  the  three  accident  type  categories  differs  from  ,ne  cate- 
;or.'  n-  't  ratio  to  another.  Capsizings  and  swamp ings  are  less  frequent  in  the 
t a b " •_*  as  norsepower  per  foot  ratio  increases.  However,  one  must  keep  in  mind 

acci  ■••nts  initiated  by  water  over  the  stern  are  not  included  in  this  sample. 

TAElc  2-16.  HORSEPOWER  PER  FOOT  OF  BOAT  LENGTH  VS.  ACCIDENT  TYPE 


•'c  was  generated  for  horsepower  divided  by  total  boat  weight  (power 
trr”p*.';  •  Several  categories  for  tnis  ratio  were  collapsed  to  create 
'  in  the  table.  Table  2-17  presents  these  data.  Tne  chi-square 
‘ms  table  i  statist)  ca  i  1  y  significant  (.-=16.63,  degrees  of  f  ree- 
1  op  proportion  of  boats  involved  in  the  three  acci  lent  r yoe 

"  .'re  frp-i  one  hr  '»<c  ratio  to  another.  The  two  cei  ls  in  the  categor/ 
wa.  :p'r.gs"  contributed  12.01  to  'he  overall  calculation  (ricre  then 
'  tv1  statistical  sigr.i  f scarce  of  tne  ..hole  table;,  i  rd  i  cc  :i  no  mat 
:  .warring-,  that  are  pr,ve»- '  sg  related  are  likely  to  involve  boats 
;r  r.  f.a  i  boat  wficht  ratios. 

64 


Horsepower  *  Total  Boat  Weight 
MOTE:  124  BOATS  HAD  UNKNOWN  POWER  RATIO  NUMBER  THREE 
FIGURE  2- IT.  FREQUENCY  PLOT  FOR  HORSEPOWER  t  TOTAL  BOAT  WEIGHT 

Accident  type  is  crosstabulated  with  compliance  or  noncompl i ance  with  tne  current 
standard  (mounted  horsepower/rated  horsepower  less  than  1.0  =  compliance)  in  Table 
2-15.  Several  categories  in  each  variable  were  collapsed  in  order  to  provide  ample 
sample  sizes  in  each  cell  for  a  chi-square  test  of  association.  The  statistic 
(■-•=6.a4,  degrees  of  freedom  =  2,  0. 05-  p<0. 025 )  is  significant  and  inoicates  that 
boats  in  compliance  with  the  current  powering  standard  are  distributed  differently 
t nan  boats  not  in  compliance.  For  the  noncompliance  boats,  collisions  is  the 
less  frequent  accident  type,  while  for  boats  in  compliance,  this  is  the  most 
freauent  accident  type.  The  contribution  of  these  two  cells  to  the  chi-square 
statistic  is  5.02  ( p(  34)  =  G.  05  for  2  df),  indicating  that  the  category  of  col¬ 
lisions  is  the  major  source  of  the  differences  between  the  two  groups. 


TABLE  2-14.  POWER  Rr  1  j  NUMBER  ONE  DISTRIBUTION  PC-. 
PRE-  AND  POST-REGULATION  .TTBOARDS  UNDER  20  FEET  IN  Lc'N  iTn 


RATIO  OF  MOUNTED  HP:  RATED  HP 

.25-. 50 

.50-. 75 

O 

1 

l r> 

1.0-1.25 

1 .25< 

Pre-Regulation 

6 

31 

35 

16 

10 

Post-Regulation  j 

9 

26 

28 

12 

11 

NOTE:  Entries  are  the  number  of  boats  in  the  PRAM  sample  in  eacn  category. 

Unknowns  (151)  are  not  listed  in  the  table. 


Powering  ratio  number  two  (mounted  horsepower  divided  by  boat  length)  was  computed 
for  all  boats  in  the  PRAM  sample.  These  data  are  plotted  in  Figure  2-10.  The  data 
are  spread  throughout  all  categories  of  horsepower  per  foot,  with  significant 
numbers  of  boats  in  each  category.  The  fact  that  there  are  many  boats  with  a  high 
ratio  of  horsepower  per  foot  (greater  than  ten  to  one)  indicates  that  this  measure 
might  hold  some  promise  as  a  regulatory  measure  in  the  limiting  case  of  a  very  high 
ratio.  That  is,  this  measure  takes  on  high  values  for  many  boats  that  were  in  pow- 
erinq  accidents,  and  may  be  able  to  provide  a  means  to  discriminate  powering  acci¬ 
dent  craft  and  other  craft.  The  determination  of  the  effectiveness  of  such  a  con- 
1  cept  is  discussed  in  subsequent  sections  with  these  data  compared  to  similar  data 

for  non-powering  accidents. 

A  third  ratio  that  was  computed  was  horsepower  divided  by  the  total  weight  of  the 
I  system  (boat  weight  plus  equipment/ gas  weight  plus  persons  weight).  These  frequen¬ 

cies  for  powering  ratio  number  three  are  plotted  in  Figure  2-11.  Tms  ratio  shows 
little  promise  for  a  powering  standard  based  upon  the  data  from  boats  in  powering 
accidents.  Nearly  two-thirds  of  the  boats  with  a  known  ratio  of  horsepower  to 
total  ooat  weight  were  in  the  lowest  ratio  category.  This  means  that  this  measure 
needs  to  be  very  accurately  obtained  in  the  lower  end  of  the  scale  (ratios  below 
0.1 )  order  to  discriminate  between  powering  accident  craft  and  other  craft,  or 
i  s  c  1  e :  no  t  di  ■  eliminate  well  in  any  rases . 


>  /era  .  c  ■  ~  "a  tu  i  a  tiers  were  generated  r;:nq  the  PRAM  data  in  order  to  ours  ve 
re  1  a  t  ■*  onsn  i  ps  between  important  variables  in  the  model.  Several  of  these,  includ¬ 
ing  speed  versus  boat  type  and  people  on  board  versus  rated  pt  sons  capacity, 
contained  sc  many  unknowns  (over  85v)  that  the  tables  were  meaningless.  These  are 
not  included  in  tnis  report.  However,  several  comparisons  were  made  involving 
accident  type,  powering  ratios,  and  operator  ski i 1/exper i ence . 


3.0  EVALUATION  OF  THE  CURRENT  STANDARD'S  EFFECTIVENESS 


Having  defined  a  powering  related  accident  and  selected  a  group  of  these  for 
investigation,  some  method  was  needed  to  evaluate  the  reason  why  the  current 
safe  powering  standard  had  not  prevented  the  fatalities  associated  with  acci¬ 
dents.  To  do  this,  a  group  of  accidents  that  was  not  determined  to  be  initiated 
by  overpowering  needed  to  be  selected  and  compared  to  the  powering  related  ' 
acci dents . 

Additionally,  there  was  a  need  to  investigate  accidents  involving  boats  that 
were  built  before  the  effective  date  of  the  present  regulation  to  determine  if 
the  regulation  had  any  effect  on  altering  mounted  horsepower  tendencies.  Bene¬ 
ficial  alterations  should  be  reflected  in  a  decrease  in  fatalities  or  accident 
propensity  for  boats  built  after  the  effective  date  of  the  regulation. 

This  section  describes  the  process  of  selecting  the  non-powering  related  acci¬ 
dents  and  the  results  of  tne  comparisons  with  the  powering  related  accidents 
conducted  to  determine  the  effectiveness  of  the  current  standard  in  predicting 
or  preventing  fatalities  associated  with  excessive  horsepower  outboard  enqmes 
being  mounted  on  recreational  boats  that  are  less  than  twenty  (20)  feet  in 
1 ength . 


3^1  Current  Standard 


ine  current  standard  formula,  as  stated  in  Federal  Register,  Volume  37,  Number 
.51,  Title  33,  Part  183,  Subpart  D,  and  reprinted  here  for  ready  reference, 
stipulates: 


■  he  maximum  horsepower  marked  on  a  boat  must  not  exceed  the  horsepower 
capacity  determined  as  follows: 

(a)  Compute  a  factor  by  multiplying  the  boat  length  in  feet  by  the 
maximum  transom  width  in  feet  including  spray  rails  if  spray  rails  act 
as  chines  or  part  of  the  planing  surface.  If  the  boat  does  not  have  a 
uil  transom,  the  transom  width  is  the  broadest  beam  in  the  aftermost 
quarter  length  of  the  Poat. 

;b;  Locate  horsepower  capacity  corresponding  to  the  factor  in  Table 
1 8  a .  t>  3 . 

(<.  i  if  tne  Horsepower  capacity  in  Table  1  83.53  is  not  an  even  multiple 
^  5,  it  may  be  raised  to  the  next  even  multiple  of  5. 

■*  r°r  bottom  hard  chine  boats  with  a  factor  rf  52  or  less,  the 

rV‘!."ver  edacity  must  be  reduced  by  one  horsepower  capacity  increment 
j  L  1  ■■  ’ -3  3  .  j  j  .  ' 


TABLE  183.53  -  OUTBOARD  BOAT  HORSEPOWER  CAPACITY 
COMPUTE:  FACTOR  =  BOAT  LENGTH  X  TRANSOM  WIDTH 


If  factor  (nearest  integer)  is 

0-35 

36-39 

i 

40-42 

43-45 

46-52 

Horsepower  capacity  is 

3 

5 

7-1/2 

10 

15 

NOTE:  for  flat  bottom  hard  chine  boats,  with  factor  of  52  or  less,  reduce  one 
capacity  increment  (e.a.  5  to  3) 


No  remote  steering 
20"  transom 

,  or  less  than 

If  factor  is  over  52.5  and 
the  boat  nas 

Remote  steering 
and  at  least  20" 
transom  height 

For  flat  bottom 
hard  chine  boats 

For  other  boats 

Horsepower  capacity  is 

(2  X  Factor)  -  90 

(0.5  X  Factor)  - 

(0.3  X  Factor  - 

'raise  to  nearest 

mul ti pie  of  5)  , 

15 

25 

This  regulation  applies  to  all  outboard  motor  powered  boats,  less  than  twenty 
;?0;  feet  in  length  and  manufactured  after  November  1,  1972. 

'no  must  reap  in  mind,  however,  that  the  November  1,  1972  date  is  not  a  precise  # 

safe  for  boats  marked  with  horsepower  capacities.  This  results  from  the  fact 
it  mere  were  standards  within  the  industry,  promoted  by  the  ABYC  and  BIA,  in 
.  prior  to  this  date.  Also,  some  manufacturers,  in  anticipation  of  the 
i.  uroval  of  the  standard,  marked  their  boats  according  to  the  formula  prior  to  # 

elective  date.  This  is  important  to  remember  when  comparing  the  accident 
pom;,  u  i  •  ms  for  boats  under  the  regulation  and  boats  not  under  tne  regulation. 

3.2  Non-Powering  Related  Accident  Sample 

mtatlmh  an  accident  file  that  contained  non-powering  related  accidents  that 
.  se",  correlated  the  distribution  of  the  powering  related  accidents  with  res- 
type  of  boat  and  power,  regions  of  tne  country,  and  severity  (fatal  vs. 

■  nr -fata I ; ,  tne  1975  and  1976  USCG  accident  files  in  Washington,  D.  C. ,  were  * 

m/eyed  and  a  reoresentati ve  group  of  accidents  was  selected. 

u, •  and  met  irmious  effort  cor.-lu'  tod  in  Task  1 1  and  discussed  in  Sec  t  i  m 
•  :  ri  ■  c  '"port  to  define  a  powering  related  accident  snowed  additional  went  • 

•  "  ■  .  i:  "  ‘.i  Jet  in  in. |  r  non- po.ve  r !  no  u.t  igent. 


The  accidents  were  considered  to  be  ron-powering  related  if  they  were  .e^txted 
at  any  node  on  the  powering  related  accident  decision  tree.  The  total  number  of 
accidents  selected  was  determined  so  as  to  approximate  the  sample  size  of  power¬ 
ing  related  accidents;  the  actual  number  was  400. 

The  accidents  were  selected  manually  from  the  files  such  that  the  ratio  of  fatal 
to  non-fatal  accidents,  the  percentages  of  outboard  motors,  and  the  distribution 
over  the  country  for  the  non-powering  related  sample  matched  the  powering  related 
sample.  This  allowed  the  analysts  to  test  the  powering  and  non-powering  samples 
equally  without  having  to  weight  values  because  of  small  sample  size.  Such 
equality  greatly  increases  the  confidence  one  places  on  statistical  significances 
in  comparisons. 

One  significant  difference  between  the  powering  related  and  the  non-powering 
related  samples  is  that  all  of  the  non-powering  related  accidents  in  our  sample 
were  taken  from  the  1975  accident  file;  whereas,  eighty-six  (86)  of  the  fatal 
accidents  in  the  powering  related  sample  occurred  in  1976.  This  fact  does  not 
negatively  affect  the  validity  of  our  analyses,  since  the  two  years  can  be 
isolated  in  our  coding  and  the  1976  fatal  accidents  were  intended  to  increase 
the  event  sequence  information  at  various  "accept"  nodes  to  better  identify  the 
accident  mechanisms  and  scenarios  in  the  Task  II  effort. 

Of  the  400  accidents  selected  for  the  non-powering  related  sample,  235  were  non- 
fatal  accidents  and  165  involved  one  or  more  deaths.  Comparisons  and  cross¬ 
tabulations  between  the  samples  are  discussed  in  Section  3.4  with  interesting 
and  significant  findings  being  pointed  out. 


Coded  Information  and  Codinc 


Because  of  tne  size  of  the  non-powering  accident  sample,  it  was  evident  that  a 
great  deal  of  time  could  be  saved  during  the  coding  effort  if  the  information 
to  be  coded  could  be  streamlined.  Since  the  purpose  of  the  non-powering  related 
sample  was  to  compare  the  probability  of  accidents  between  boats  in  compliance 
with  the  standard  and  boats  not  in  compliance,  it  appeared  that  some  of  the 
bookkeeping  information  (such  as  state,  month,  day  and  time)  would  be  of  little 
value.  Also,  it  was  clear  that  information  unique  to  powering  related  accidents 
would  not  be  coded  for  non-powering  accidents. 


Since  "•'any  cros stabul ati ons  of  variables  between  the  powering  and  non-powering 
samples  would  be  required,  the  same  ceding  sheet  format  was  utilized  for  both 
samples  to  simplify  the  computer  programming.  The  resultant  coding  sheet,  shown 
in  figure  3-1,  and  coding  instructions  for  the  samples  were  identical  with  the 
exception  tnat  the  coders  were  instructed  to  skip  over  the  nonrequired  variables 
and  leave  the  columns  for  those  variables  blank  on  the  coding  sheet. 

7ne  cooing  instructions  for  coding  the  non-powering  relatea  accidents  are  present¬ 
ed  in  Appendix  B  of  this  report. 

Toe  ^ame  information  was  coded  similarly  for  each  variable  regardless  of  whether 
,t  was  a  powering  or  non-powering  accident.  The  variables  and  their  columnar 
positions  that  were  not  coded  for  non-powering  related  accidents  are: 

Column(s)  Variable  Name 

5  &  6  State  in  which  the  accident  happened. 

7  &  8  Month  when  the  accident  happened. 

9  i  10  Day  of  the  month. 

13  &  14  Time  of  day  of  the  accident. 

25  Motorwell . 

25  Steering  controls. 

27  Motor  manufacturer . 

33  St  34  Maximum  engine  rpm. 

35  Course. 

36  li  37  Powering  behavior. 

41  Body  of  water. 

47  Visibility. 

44  Wind. 

75  thru  30  Event  trees. 

f 

It  may  appear  that  some  of  the  variables  that  were  not  coded  for  the  non-powering 
related  accidents  would  be  beneficial  information  for  determining  overall  boating 
trends;  however,  that  information  is  contained  in  boating  survey  reports  for  all 
reported  boats  and  accidents.  It  is  more  beneficial  to  use  the  more  complete 
survey  information  than  draw  conclusions  from  a  small  sample  if  the  information 
is  readily  available.  Therefore,  we  reduced  the  amount  of  time  required  to  code 

7’’ 


POWERING  RELATED  ACCIDENT  CODING  FORM 


the  non-powering  accident  sample  without  losing  any  valuable  information  that 
could  be  included  in  the  BARs. 

Results  of  some  of  the  earlier  analyses  and  discussions  with  Wyle  and  USCG  person¬ 
nel  indicated  that  the  johnboats  presented  a  particularly  unique  problem.  To  more 
clearly  ascertain  if  this  was  a  sound  conclusion,  the  entire  accident  sample  (both 
powering  and  non-powering)  was  reviewed  and  eacn  boat  was  coded  by  whether  or  not 
it  was  a  jonnboat  type.  Additionally,  tne  weight  of  the  boat  hull  for  each  boat 
in  the  sample  was  coded. 

The  information  required  to  determine  the  power  ratios  for  each  boat  in  the  sample 
was  included  to  establish  the  number  of  boats  in  compliance  with  the  powering 
regulation  ana  the  significant  difference  (if  any)  of  power  ratios  for  boats  involve 
m  powering  and  non-powering  related  accidents. 

The  following  sections  discuss  the  results  of  the  analyses  performed  in  evaluating 
the  current  standard. 


3.4  Effectiveness  Evaluation  of  the  Current  Powering  Standard 


There  are  several  ways  in  which  the  current  powering  regulation  may  be  shown  to  be 
effective.  It  may  result  in  reducing  the  frequency  (number)  of  powering  accidents. 
It  may  result  in  reducing  the  severity  of  such  accidents,  without  necessarily  af¬ 
fecting  their  frequency.  Finally,  it  may  '-educe  the  powering  accident  rate;  i.e., 
it  may  reduce  tne  number  of  accidents  and/or  deaths  per  100,000  hours  of  boating 
activity  or  per  100,000  boats.  On  succeeding  pages,  each  of  these  approaches  to 
current  powering  standard  effectiveness  are  investigated.  Modifications  to  the 
current  standard  are  also  evaluated.  The  modifications  that  are  considered  repre¬ 
sent.  merely  multiplying  tne  rated  horsepower  by  varying  constants.  Comparisons 
are  maae  between  powering  and  non-powering  data. 

An  important  conceptual  distinction  is  needed  in  order  to  fully  comprehend  tne  dis¬ 
cussions  trat  follow.  The  distinction  is  between  statistical  significance  and 
importance  (o>*  practical  significance).  While  there  may  be  a  statistically  reliable 
■difference  in  the  average  distance  of  a  Hanx  Aaron  home  run  as  opposed  to  a  Mickey 
Mantle  home  rim.,  the  difference  is  not  important  (nor  practically  significant)  since 
tne  end  result  of  any  nome  run  is  the  same.  With  respect  to  the  powering  accident 


data,  the  difference  between  the  chances  of  having  a  powering  accident  with  a  10 
hp  engine  as  opposed  to  the  chances  of  having  a  non-powering  accident  may  be  statis 
tically  significant  with  non-powering  accidents  being  much  more  likely  to  occur. 
However,  such  a  difference  is  unimportant  (and  not  practically  significant) 
because  it  merely  means  that  powering  accidents  are  unlikely  when  the  boat  has  a 
very  small  engine.  Issues  such  as  these  will  arise  in  the  analyses  that  follow. 

The  most  important  results  of  the  analyses  in  this  section  are:  1)  the  current 

standard  appears  to  have  some  potential  effecti veness  if  one  looks  at  boats  built 
prior  to  1972  (outboards,  less  than  20  ft,  but  pre-regulation),  and  2)  the  effec¬ 
tiveness  does  not  carry  over  into  the  post-regulation  boats.  For  boats  (outboards, 
less  than  20  ft)  built  after  1972,  the  current  standard  does  not  relate  to  acci¬ 
dent  severity  or  frequency.  Explanations  are  offered  as  to  why  the  pre-1972 

data  indicate  that  the  standard  has  potential  effectiveness  and  why  the  post- 

1972  data  indicate  that  the  promulgation  of  the  standard  had  no  noticeable 
effect  on  boating  accidents. 


3.4.1  The  Current  Standard  and  Powering  Accident  Frequency 

If  the  current  standard  is  effective,  one  might  expect  that  those  in  compliance 
with  the  standard  would  be  less  likely  to  have  a  powering  accident  than  those  not 
in  compliance  (assuming  similar  exposure).  Table  3-1  presents  the  theoretical 
distribution  of  data  for  an  "ideal"  powering  standard,  where  no  one  who  complies 
with  tne  standard  has  a  powering  accident.  The  closer  the  data  come  to  this 
configuration  for  the  current  standard,  the  more  effective  it  is. 


TA3LE  3-1.  THEORETICAL  DATA  DISTRIBUTION  FOR  AN  IDEAL  POWERING  STANDARD 


HAD  A  POWERING 

HAD  A  NON-POWERING 

ACCI0ENT 

ACCIDENT 

[  In  Compliance 

0 

X 

Not  In  Compliance 

X 

_ 

X 

Table  3-2  presents  the  data  from  PRAM  for  all  outboard  boats  less  tnan  20  ft  in 

length.  The  data  indicate  that  those  boats  in  compliance  with  the  current 
standard  are  less  likely  to  have  a  powering  accident  than  those  not  in  compli¬ 
ance  (corrected  ^  =  4.878,  p  <  0.05).  This  indicates  that  compliance  with 

the  standard  may  be  effective  in  reducing  powering  accidents.  If  these  data  are 


eparated  into  pre-  and  post  regulation  distributions,  a  somewhat  different 
•esult  is  depicted. 


TABLE  3-2  PRAM  DATA  DISTRIBUTION  FOR  CURRENT  STANDARD 


HAD  A  POWERING 

HAD  A  NON -POWERING 

ACCIDENT 

ACCIDENT 

In  Compliance 

118 

124 

Not  In  Compliance 

62 

37 

Note:  Boats  listed  as  being  manufactured  in  1972  are  omitted. 

Tables  3-3  and  3-4  present  the  same  breakdown  as  Table  3-2,  except  for  the  pre- 
regulation  and  post  regulation  (pre-1972  and  post-1972)  boats.  The  data  for 
boats  made  in  1972  are  not  included  because  the  standard  took  effect  during  the 
year  (was  a  1972  boat  made  before  or  after  it  took  effect?),  and  many  manufacturers 
anticipated  the  standard  in  thier  1972  boats.  The  data  in  Table  3-3  show  a  marginal¬ 
ly  significant  relationship  between  compliance  with  the  standard  ano  the  probability 
of  i  oowering  accident  as  opposed  to  non-powering  accident  (corrected  x2^ ^=3.215, 

Q.  i.)  D'0.05).  The  data  in  Table  3-4  show  no  such  relationship  (Fisher  exact  p=0 . 1 44 ) 
Inns,  tne  overall  relationship  in  Table  3-2  is  based  primarily  upon  the  standard's 
effectiveness  as  measured  by  pre-1972  boats,  and  hides  the  fact  that  no  effective- 
nev  cun  ne  demonstrated  for  post-1972  craft. 


*  The  fisher  exact  test  is  applied  in  the  same  situations  where  a  x2  test  for  a 
2x2  contingency  table  is  often  used.  The  null  hypothesis  is  the  same.  The  Fisher 
exact  test,  however,  is  more  accurate.  However,  it  is  cumbersome  to  compute  in 
cases  othe**  tnan  those  wnere  the  total  sample  size  is  small.  Wyle  has  program¬ 
mable  calculators  that  can  compute  Fisher  exact  probabilities  for  tables  that  do 
not  exceed  the  computational  capacity  of  the  machines.  When  that  capacity  is 
exceeded,  <2  tests  are  used  instead.  Table  3-4  was  the  first  case  in  this  report 
where  the  frequencies  were  small  enough  to  permit  the  computation  of  a  Fisher 
exact  probability  on  an  HP-67  or  HP-97.  The  interested  reader  is  referred  to 
Non-Parametric  Statistics,  by  Siegel,  referenced  earlier. 


TABLE  3-3.  PRE-1972  DATA  DISTRIBUTION  FOR  CURRENT  STANDARD 


HAD  A  POWERING 
ACCIDENT 

HAD  A  NON-POWERING 
ACCIDENT 

In  Compliance 

72 

31 

Not  In  Compliance 

36 

22 

_ 

TABLE  3-4.  POST-1972 

DATA  DISTRIBUTION  FOR  CURRENT  STANDARD 

HAO  A  POWERING 
ACCIDENT 

HAD  A  NON- POWERING 
ACCIDENT 

In  Compliance 

46 

43 

Not  In  Compliance 

26 

15 

The  data  for  Tables  3-2,  3-3,  and  3-4  were  dichotomized  by  whether  or  not  the 
boats  in  question  were  in  compliance  with  the  current  standard.  This  was  deter¬ 
mined  oy  computing  a  power  ratio,  defined  as  the  mounted  engine  horsepower 
divided  by  the  boat  rated  engine  horsepower.  A  power  ratio  of  1.0  or  less  was  ® 

in  compliance  with  the  current  standard.  The  standard  could  be  revised  to  accept 
larger  or  smaller  horsepowers  by  accepting  larger  or  smaller  ratios.  This  would 
be  equivalent  to  multiplying  the  current  boat  rated  horsepower  by  varying  con¬ 
stants.  Thus,  if  the  power  ratio  criterion  were  changed  to  0.5,  then  the  mounted  ® 

norsepower  would  nave  to  be  one-half  or  less  of  the  current  boat  rated  horsepower 
'as  determined  oy  the  formula)  to  be  in  compliance. 

Tne  data  were  broken  down  furtner  (as  snown  in  Tables  3-5,  3-6  and  3-7)  to  snow  • 

the  changes  in  the  distributions  of  power  ratios  for  powering  and  non-powering 
accidents.  If  the  standard  were  relevant  to  the  problem  of  powering  accidents, 
then  tnose  ooats  in  powering  accidents  snould  have  (generally)  higher  power  ratios 
tnan  those  ’n  non-oowering  accidents.  * 

'he  results  reflect  the  same  pnenomena  as  before.  Table  3-5  shows  an  overall 
difference  in  the  distributions  of  power  ratios  for  the  powering  and  non-powering 
accidents  (,-^.--21.834,  p<0.001).  Table  3-6  shows  a  statistically  significant  » 

di  f  ference  ’n  tne  distributions  for  the  pre-l  972  data  (,^  =  15.113,  p-  0. 01 ) ,  while 
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>le  3-7  reveals  no  significant  difference  in  the  post-1972  data  f, 

\  / 

3.10).  This  means  that  there  is  a  tendency  for  the  power  ratios  for  the  boats 
powering  accidents  to  be  higher  than  for  those  in  non-powering  accidents  for 
its  made  before  1972,  but  not  for  newer  boats.  The  first  category  in  Table  3-6 
-0.5)  contributed  9.06  to  the  overall  x2  for  the  table. 

ice  the  standard  was  passed,  it  has  not  differentiated  the  powering  and  non-pow- 
ing  accident  data  by  power  ratio,  or  by  accident  frequency. 

TABLE  3-5.  POWER  RATIO  BY  TYPE  OF  ACCIDENT  FOR  ALL  BOATS 


POWER  RATIO 

0-0.5 

0.5-0.75 

0.75-1 

1-1.25 

1.25-1.5 

Over  1 . 5 

j  a  Non-Powering  Accident 

33 

33 

58 

11 

16 

10 

j  a  Powering  Accident 

14 

50 

54 

25 

13 

24 

jte:  128  unknowns 

TABLE  3-6.  POWER  RATIO  3y  TYPE  OF  ACCIDENT  FOP  PRE-1972  BOATS 


POWER  RATIO 

0-0.5 

0.5-0.75 

0.75-1 

1-1 .25 

1.25-1.5 

Over  1 . 5 

d  a  Non-Powering  Accident 

21 

22 

38 

8 

—  —  ■ 

10 

4 

d  a  Powering  Accident 

6 

31 

35 

16 

1C 

1C 

TABLE  3-7.  POWER  RATIO  BY  TYPE  OF  ACCIDENT  FOR  POST-1972  BOATS 


POWER  RATIO 

0-0.5 

0.5-0.75 

0.75-1 

1-1.25  1 

1.25-1 

d  a  Non-Powering  Accident 

12 

11 

20 

■  L-  — 1 

3 

6 

d  a  Powering  Accident 

8 

19 

19 

9  | 

3 

.5 


Over 


1.5 


6 

14 


le  analysis  above  leads  to  similar  analyses  for  various  regulatory  criteria  using 
ie  same  formula.  In  other  words,  does  multiplying  the  formula  by  a  constant 
*qui  valent  to  changing  the  power  ratio  criteri-.'  *or  compliance  from  1.0  to  the 
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instant)  result  in  a  more  effective  standard  in  terms  of  accident  frequency.  The 
lalyses  performed  in  Tables  3-3  and  3-4  were  repeated  for  varying  power  ratio 
•iteria.  In  each  case,  the  relationship  was  observed  and  compared  to  the  ideal 
■lationship  shown  in  Table  3-1.  Figure  3-2  presents  the  results  of  those 
ipeated  statistical  comparisons,  and  includes  the  data  presented  earlier  for 
le  current  standard.  On  this  figure,  the  low  points  (near  0.05  or  below  on  the 
•dinate)  indicate  that  the  corresponding  regulation  criterion  (abscissa)  differ- 
ltiates  powering  and  non-powering  accidents  well. 

le  pre-1972  data  in  Figure  3-2  indicate  that  the  formula  had  moderate  or  stronger 
ffectiveness  at  several  criteria  (0.25,  0.5,  1.0,  1.5,  1.75,  2.0).  The  low 
alues  (0.25  and  0.5  to  some  extent)  correspond  to  severely  limiting  horsepower 
i  small  boats.  Obviously,  if  horsepowers  were  severely  limited  (say  to  the  order 
f  a  few  pounds  of  thrust),  fewer  powering  accidents  would  result.  Thus,  the 
tatistical  significance  of  those  data  points  is  not  important.  The  upper  points 
1.75  and  2.0)  correspond  to  regulating  only  against  severely  overpowered  boats, 
bviously,  if  a  boater  could  not  meet  these  lenient  criteria,  then  he  would  be 
sry  likely  to  have  a  powering  accident.  Here  again,  the  results  are  statistically 
ignificant,  out  not  important.  The  data  for  the  current  standard,  as  reported 
efore,  also  show  moderate  effectiveness,  and  this  result  is  important.  It  shows 
nat  the  ooserved  relationship  (in  Table  3-3)  between  the  standard  and  having  a 
owerinq  or  non-powering  accident  was  unlikely  to  have  happened  by  chance. 

or  tne  post-1972  data,  only  one  point  is  in  the  significant  region  (0.05  or  less), 
nd  tna:  vs  for  tne  power  ratio  criterion  of  0.25.  This  corresponds  to  saying  that 
owering  accidents  would  be  prevented  if  all  post-1972  boats  were  allowed  only  one- 
uarter  of  their  rated  horsepower.  This  result  is  statistical ly  significant,  but 
ot  important  since  such  a  criterion  would  be  impractical. 

; n a 1 1 y ,  if  tne  current  standard  is  effective,  then  a  larger  percentage  of  the 
re-regulation  boats  should  be  in  the  powering  sample  than  the  percentage  of 
ost-regul ation  boats  in  that  sample.  The  data  in  Table  3-8  indicate  that  such  a 
“lationship  does  not  exist  in  the  PRAM  data.  The  breakdowns  of  pre-  and  post- 
egulation  boats  for  the  powering  and  non-powering  accident  samples  were  nearly 
dentical  (corrected  ,  =  0.315,  p  ■  0.5). 


TABLE  3-8.  TV P r  IF  ACCIDENT  BY  AGE  OF  BOAT 


riAu  A  POWERING 
ACCIDENT 

HAD  A  NON-POWERING 
ACCIDENT 

egulation  Boats 

72 

81 

Regulation  Boats 

46 

43 

Table  considers  only  those  boats  witn  ratio  one  being  less  than  unity. 


,  no  matter  how  the  criterion  is  changed,  using  the  present  powering  standard 
formula) ,  comp! iance  wi th  the  standard  does  not  differentiate  powering  and 
lowering  accident  frequency,  nor  the  power  ratios  for  boats  i_n  those  acci - 
L’  f°r  boats  manufactured  after  the  promulgation  of  the  standard . 

3.4.2  The  Current  Standard  and  Powering  Accident  Severity 

a  from  the  question  of  preventing  or  ■'■educing  the  frequency  of  powering  • 

dents,  the  effectiveness  of  the  current  standard  in  reducing  the  severity  of 
ring  accidents  must  be  explored.  This  issue  can  be  addressed  by  comparing 
powering  accident  severity  to  the  observed  power  ratio.  If  the  standard 
mula)  correlates  well  with  powering  accident  severity,  then  the  accidents  m 

Iving  boats  with  high  ratios  should  be  more  severe  than  those  involving  low 
os.  Ideally,  if  the  standard  were  a  perfect  measure  of  severity,  then  those 
comely  with  it  would  survive,  and  those  that  did  not  comply  would  be  more 
1/  to  die.  Table  3-3  presents  the  theoretical  distribution  of  data  for  the  • 

1  standard.  The  currant  standard  is  evaluated  in  succeeding  tables  against 
idea  i 


T4SLE  3-3.  IDEAL  DISTRIBUTION  OF  SEVERITY  DATA 
(IN  TERMS  OF  FATALITIES)  FOR  POWERING  ACCIDENTS 


i,N  COMPLIANCE 

NOT  IN  COMPLIANCE 

Had  a 

Had  3  ! 

X 

0 

X 

X 

hese  analyses,  severity  is  dealt  with  in  terms  of  fatalities.  Data  were 
d  in  PRAM  on  the  property  damage,  injuries,  and  other  losses  associated  with  • 

ring  accidents.  However,  using  a  number  of  3480,003  per  life,  the  non- 
1  i  ty  losses  amounted  to  i  es  ,  than  the  eqs  a  lent  of  twe  i  ■  ves  lost,  while 


ities  for  powering  accidents  in  PRAM  totalled  204  lives  lost.  Thus, 

;s  other  than  lives  lost  represent  less  than  1.5%  of  the  severity  of 
accidents.  Therefore,  only  fatalities  are  included  in  these  analyses. 

10  shows  the  distribution  of  fatal  and  non-fatal  accidents  for  pre-1972 
the  PRAM  sample  that  are  outboards,  less  than  20  ft,  and  in  powering 
No  statistically  significant  relationship  exists  in  these  data 
rxact  p  =  0.359).  Similarly,  Table  3-11  shows  the  same  breakdown  for 
l  boats.  These  data  are  also  statistically  insignificant  (Fisher  exact 


TABLE  3-10.  SEVERITY  DATA  FOR  POWERING  ACCIDENTS 
FOR  CURRENT  STANDARD  FOR  PRE-1972  BOATS 


IN  COMPLIANCE 


a  Non-Fatal  Accident 
a  Fatal  Accident 


NOT  IN  COMPLIANCE 


TABLE  3-1 1.  SEVERITY  DATA  FOR  POWERING  ACCIDENTS 
FOR  CURRENT  STANDARD  FOR  POST-1972  BOATS 


IN  COMPLIANCE 


•;>  ’lon-'ata’  Accident 
i  J  a  l '.  1  Accident 


NOT  IN  COMPLIANCE 


:,ens  if  the  regulation  criterion  is  varied?  Figure  3-3  shows  the  states- 
;■  i  ►!..(!. nee  (ordinates  near  0.05  or  below  are  significant)  of  using  dif- 
we'-  ratio  criteria  in  terms  of  differentiating  levels  of  severity.  For 
;  172  data,  the  power  ratio  of  1.25  (=  mounted  horsepower  formula  rated 
i er)  correlates  well  with  severity.  The  boats  that  exceeded  this  ratio 
9/2  data  were  much  more  likely  to  have  a  fatal  accident  than  those 
i  not.  However ,  no  criterion  even  approaches  statistical  significance 
post-regulation  (post-1972)  data. 

iere  was  some  indication  that  a  mod’ f ".  .atio:.  of  the  current  standard 
wanted  np.' ratea  np  i  .25  as  compliance:  tenor.)  might  provide  a  good 


MICROCOPY  RESOLUTION  TEST  CHART 


PROBABILITY  ()t  OBSERVER  RLLATIONSHIP  HAPPENING  BY  CHANCE 


relationship  with  powering  accident  severity,  the  same  kind  of  analyses  were 
performed  for  non-powering  accidents.  There  is  no  a  priori  reason  to  expect  any 
'■elationshi p  between  compliance  with  a  modification  of  the  current  standard  and 
non-powering  accident  severity.  Figure  3-6  presents  the  results  of  the  non-powering 
accident  severity  analyses  for  outboards  less  than  20  ft  in  length,  for  pre-  and 
post-regulation  craft.  For  the  post-1972  data,  only  the  criterion  of  1.75 
generates  a  statistically  significant  result  (ordinate  <_  0.05) .  This  result  is 
difficult  to  interpret  since  a  boater  who  has  more  than  1.5  times  the  rated 
horsepower  on  his  boat  may  violate  other  safety  precepts  which  result  in  his 
being  in  a  non-powering  fatal  accident.  In  any  case,  there  is  no  relationship 
between  the  current  standard  (a  criterion  of  1.0)  and  severity  in  the  pre-  or 
post-regulation  data. 


Severity  and  frequency  analyses  can  be  combined  by  analyzing  the  pre-  and  post¬ 
regulation  data  for  fatal  accidents  only.  Ideally,  if  the  current  standard  were 
extremely  effective,  then  there  would  be  no  fatal  accidents  for  boats  which 
complied  wicn  it,  as  shown  in  Table  3-12.  The  data  for  pre-  and  post-regulation 
outboard  boats  of  20  ft  or  less  were  analyzed  by  varying  power  ratio  criteria. 
Tnese  oata  were  statistical iy  compared  to  the  i-eal  shown  in  Table  3-12.  This  was 
cone  by  comparing  tne  actual  2x2  contingency  data  with  the  "ideal"  (meaning  no 
fatalities  for  tnose  in  compliance)  m2  contingency  table  having  the  same  marginal 
totals,  tne  test  statistic  (or  measure:  used  was  a  *  •  goodness-of-f i t  test,  where 
the  " i oea  1 "  table  was  considered  the  r.ul  1  hypothesis  (i.e. ,  the  "expected"  distri¬ 
bution;  results  are  shown  in  Figure  3-5,  where  a  lew  ordinate  'near  or  below 

0 .05/  .means  mat  tne  corresponding  criterion  (abscissa)  has  a  strong  association 
0”  tne  type  indicated  in  Table  3-12  for  fatal  accidents. 


Figure  3-5  indicates  that  the  current  standard  has  a  weak  (marginally  statisti¬ 
cally  significant)  relationship  of  the  type  described  in  Table  3-12  for  the  pre- 
1972  data,  and  no  relationship  for  the  post-1972  data.  For  other  regulatory 
criteria  (0.5,  1.75,  and  2.0),  stronger  associations  are  indicated  in  the  pre- 
1972  data.  However,  as  explained  previously,  these  criteria  are  impractical. 
Therefore,  the  statistical  significance  of  their  associations  is  not  important. 

None  of  the  criteria  are  statistically  significant  for  the  post-1972  data. 

Tne  cone  1  us  ion  of  tnese  analyses  i s  that  tne  current  power! ng  standard  does  not 
nave  a  s i gni f icar,t  relationship  to  seven  ty  data  (in  terms  of  fatal  i ties )  for 
post-regulation  boats .  Certain  modifications  to  the  standard  show  some  indica¬ 
tions  of  associations  with  severity  for  pre-1972  data.  These  results  seem  to 

conrr.vret  tne  •'es.-lts  stated  ir.  the  previous  section,  where  boats  in  powering 
> o;-  ,v n '  i'_ n  Pig  not  compiu  wU’i  tr.e  current  standard  were  shown  to  have  a 
•  r  •  ,.roba''i  1  i  *  /  of  e  <oer  ien.-  w.g  a  fatality.  However,  tnat  analysis  did 
>;c-  Oi, *  on'.v  prose  beats  covered  by  tee  standard  (outboams  of  less  than 

.1  j  :  ;enutr  ,  ,in.;  r  a  not  differentiate  pre-  and  post-regulation  craft.  The 
••el  at  i.  ■  snip  tnat  was  reported  previously  did  not  no  Id  up  wnen  these  additional 
fa  .'tors  ,*ere  :  nr  ’  seed  in  tne  analyses.  The  conclusion  stated  in  the  first  sentence 
of  tm  r«j ra.;ra..r  :•  fates  tnat  tne  current  powering  standard  does  not  Dear  a  signif- 
■  i-;or. to  power 'ng  accident  fatalities  for  post-1972  boats.  This  does 
n  i  w  :•  .  - -lo t  trere  are  not  other  factors  (besides  powering  problems) 

.  •  •-  .  ■  * .n  bu ‘ ■  d  *c  tnose  fatalities  tnat  we**e  found  in  the  accident 
r-'.  ■  '*•;  .--ere  uowerin.i  accident  victims  who  did  not  wear  PFOs .  did  not  knov/ 

’  e.  '  -t . .  iucr  /ictir.-.s  occur  red  n  noth  the  pre- regulation  and  post-regula 

■  i  or  !.  ur  d  ,e".  'he  standa  r>j  appears  to  nave  a  significant  relationship  to 

'ever  •  •  ,  *  tr  ;ve  -  re  i  . .  i :  i  pn  boats  and  r.o»  f.,r  post-  '•emulation  boar's. 


3.4.3  The  Current  Standard  and  Risk 


As  mentioned  earlier,  there  are  several  ways  to  evaluate  tne  effectiveness  of  the 
current  standard.  One  of  those  ways  was  to  analyze  the  risk  associated  with  dif¬ 
ferent.  power  ratios.  In  this  section,  risk  will  be  defined  as  number  of  boats  in 
power  in q  accidents  per  1,000,000  boat  hours  at  each  power  ratio,  and  the  numner 
of  r,iMiit;es  in  powering  accidents  per  1,000,000  boat  Hours  at  eacn  power  ratio. 

1  ntr  plots  of  risk  versus  power  ratio  for  these  two  types  of  risks  would  then  be 
called  risk  functions.  Regardless  of  the  type  of  risk,  the  risk  should  increase 
as  rne  power  ratio  increases  if  the  current  powering  standard  is  effective.  Figur 
3-6  shows  some  possible  rel ati onshi ps  between  risk  and  the  power  ratio  (as  deter¬ 
mined  by  the  formula).  Curve  C,  with  the  upward  bend  occurring  at  or  near  a  ratio 
of  1.0,  would  indicate  that  the  current  standard  is  very  effective. 


Fne  relationsnio  between  risk  and  powering  ratio  in  Figure  3-6  is: 

CjRVF  A  -  he g 1 i g j b 1 e  -  Intuition  tells  us  that,  tor  a  given  boat,  there  is 

some  point  above  which  the  ruk  of  an  accident  occurring  increases 
substantial ly  with  increasing  horsepower.  However,  it  is  gin  te 
possible  that  pooole  intuitively  recognize  that  limit  and  .inly 
tne  rate  "NUT"  approaches  it.  The  other  possibility  is  tnat  even 
boats  which  are  overpowered  into  the  potentially  high  risk  ranoe 
under  certain  conditions  are  not  operated  at  full  power  under 
those  conditions  by  the  prudent  boating  public.  Certainly  most 
boats  are  over-powered  in  some  conditions  which  are  regularly 
encountered  (maneuvering  'in  crowded  anchorages),  yet  most  people 
proceed  at  less  t 'an  full  throttle  in  ci  owdea  areas. 


T"  “ 


CURVE  B  =  Positive,  but  Line-  ./  Increasing  with  Hcrneuowe,-  -  :si- 

bility  is  particular;.  plausible.  It  co'JTu  be  trot  tne  risr.  of 
powering  accidents  increases  with  increasing  power,  if  for  no 
otner  reason  than  tne  increase  in  potential  for  serious  damage  • 

from  collisions  at  mgr.  speeds;  yet,  due  to  increasing  driver 
attentiveness  and  prudence  with  increasing  speed,  a  dramatic 
increase  in  risk  rever  occurs. 

CURVE  C  -  Positive,  With  an  Excels i ve  Increase  at  Some  Point  -  inis  possi¬ 
bility  coula  oe  bought  on  if  people  "push”  their  boats  into  • 

ranges  of  dynamic  instability  without  consideration  of  the  risks; 
or  if  collision  accident  risk  is  a  function  of  speed  raised  to 
some  power  higher  than  one. 


The  PRAM  data  were  used  to  generate  the  number  of  fatalities  and  number  of  boats 
in  powering  accidents.  The  Nationwide  Boating  Survey  for  1973  was  used  to 
generate  estimates  tor  the  totai  nunoer  of  boating  hours  (exposure)  tor  all 
powered  boats,  and  all  outboards  under  30  ft  in  length.  The  latter  number  was 
estimated  by  adding  tne  exposure  data  for  motorized  canoes,  outboards,  and 
motorized  rowboats  and  johnboats. 


Tnere  are  several  assumptions  in  t analyses.  One  is  that  tne  1  973  Nationwide 
Boating  Survey  exposure  data  are  accurate  and  that  they  represent  tne  boats  from 
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outboards  less  than  20  ft  in  length  cor  the  latter  curve).  Tne  oc...  ;’..:,r,g 
exponential  curve  is  plotted  for  earn  set  of  points.* 

The  data  show  that  the  risk  function  for  all  boats  in  the  powering  sample  ( Includ¬ 
ing  pre-1972  boats)  is  much  like  curve  C  in  Figure  3-6.  It  indicates  that  the 
standard  is  effective.  The  risk  function  for  post-1972  boats  less  than  20  ft  in 
length  is  much  like  curve  A  in  Figure  3-6,  indicating  minimal,  if  any,  effective¬ 
ness.  The  results  i n  Figure  3-7  agree  wi tn  previous  sections :  the  current  stan¬ 
dard  has  shown  mo  effecti  veness  si  rice  1 1  was  promulgated. 

Figure  3-3  presents  the  risk  versus  power  ratio  curves  for  tne  number  of  boats 
in  powering  accidents  per  1,000,000  hours  of  exposure.  As  before,  the  data  are 
shown  for  si i  boats  in  tne  powering  sample  and  for  only  outboards  under  20  ft  in 
length.  The  nest  fitting  exponential  curves  for  each  set  of  data  are  plotted. 
Figure  3-3  also  agrees  with  all  previous  results.  It  shows  a  strongly  increasing 
risk  function  for  all  boats  (including  pre-1972  coats )  and  a  negligible  function 
for  boats  to  which  tne  standard  applies  (post-1972  outboards  less  than  20  ft  in 
length).  Figure  3_-8  al  so  snows  tnat  the  current  standard  has  not  been  effective 
since  ~ eaer a  1  implementation  in  i972. 


*  Figures  3-7  and  3-8  contain  "oest-fi tting"  curves  that  were  obtained  using 
standard  regression  analyses,  such  as  might  be  found  in  Stati sti ca 1  Pri nc i pi es 
in  Experimental  Gesign,  3.3  liner,  New  York:  McGraw-Hi  IT,  1971;  Regressi  on 
Analysis  by  Example,  S.  Chattergee  and  3.  Rice,  New  York:  W':ley  and  Sors, 

19  77  ;  and  Introduction  to  ;Ma  tnema  c  1  ca  ~  Statistics,  P .  G .  Hoe  1  ,  New  vo  rk  : 

Wiley  and  Torts,  lQb^.  As  vas  stated  in  "tne  Hoe!  reference  (page  1 75 ) ,  "If  a 
scatter  diagram  in  tre  <,  y  Diane  indicates  that  a  straight  ’ ’ ne  will  not  *it 
a  set  .)'  ooirts  satis  factor:  »y  because  of  one  nonlinearity  of  the  relationship, 
i  f  ray  be  ?os..’Dle  tc  find  some  simple  curve  tnat  w:‘l  yf.'l  :  a  satisfactory  fit 
Gince  in  investigator  alwyas  strives  to  explain  relations:;:,  s  as  sim.pl y  as 
pcs-ible,  wit"  tne  restrict  on  tnat  his  explanation  be  consistent  with  previous 
knowledge,  he  will  prefer  to  use  a  simple  type  of  curve.  It  follows,  therefore 
tnat  the  type  of  curve  to  use  will  depend  largely  on  one  amount  of  theoretical 
information  cne  nos  concerning  the  relationship,  and  thereafter  on  convenience. 
Tne  statistic  r*  is  tne  coefficient  of  Determination  anc  indicates  tne  quality 
of  fit  achieved  oy  tne  regression.  This  statistic  can  obtain  values  between 
7  pm  with  me  statistic  indicating  a  better  and  better  fit  of  the  regres¬ 
sion  as  it  aoproacnes  1.  Tne  value  of  r-  corresponds  to  tne  proportion  of  tne 
variance  in  y  accounted  for  oy  tne  regression  on  x.  Tne  type  of  exponential 
curve  that  has  been  fit  to  the  data  (using  an  HP-97  programmable  calculator) 
t )  X 

was  /  -  nr  In  Figures  7-7  and  3-8  tne  exponential  curves  gave  a  better  fit 
to  me  data  than  a  linear  f ; s ,  oa  ,ea  upon  tne  statistic  r-  . 


should  be  noted  that  none  of  the  curves  in  Figures  3-7  ana  3-8  fit  tne  aata 
ry  well;  i.e.,  they  do  not  account  for  much  of  the  variance  in  risk  values, 
e  trends  and  differences  in  the  curves  are  obvious,  however.  The  fact  that 
e  computed  curve  in  Figure  3-8  for  the  boats  to  which  the  standard  apply  aoproxi- 
tes  a  linear  relationship  with  a  slightly  negative  slope  should  ncrt  be  inter- 
eted  literally,  since  the  precise  values  in  the  regression  equation  for  that 
irve  (or  the  other  curves  in  Figures  3-7  and  3-8)  are  not  meaningful.  What 
.  important  is  the  shape  of  that  curve  (relatively  flat)  and  the  others,  and  the 
;aning  of  those  shapes  as  described  above. 

3.4.4  Accounting  for  Differences  in  Pre-  and  Post-Regulation  Data 

i>'oughout  these  analyses,  it  nas  become  very  clear  that  there  are  vast  differ- 
iC'.’S  in  tne  effectiveness  of  the  current  standard  for  pre-  and  post-regulation 
oats.  If  one  were  to  look  only  at  the  pre-regulation  data,  then  it  would 
ppear  that  the  standard  had  some  potential  for  measuring  the  frequency  ana 
everity  of  powering  accidents.  If  one  were  to  look  at  the  post-recul ation 
ata,  the  standard  appears  to  have  little  or  no  relationship  with  tne  powering 
robl em. 

note  are  many  possible  reasons  for  the  lack  of  effectiveness  of  the  current 
Sanaa ro  on  post-1972  boats.  Older  boats  nay  be  used  less  often  or  in  a  differ- 
uir  manner  than  newer  boats.  Boaters  may  have  more  experience  with  olcer  boats, 
ind  snerefore,  have  fewer  accidents.  Many  similar  post  hoc  explanations  can  be 
ler i  vsoi  in  terms  of  activity,  use,  experience,  and  behavior,  However,  it  is 
!.fficult  to  conceive  of  such  variables  accounting  for  the  large  observed  dif¬ 
ferences  '<>  a  few  years. 

ivc  e*;.  la  nation  is  that  engine  and  boat  manufacturers  may  have  found  ways  to 
■■.Crease  the  horsepower  on  the  boat  that  were  not  anticipated  in  the  current 
tanuarc.  Figure  3-9  shows  the  same  hull  with  two  different  cock  arrangements, 
r :  top  Set  of  drawings  miqht  represent  tr.a  boat  before  the  standard  was  enacted 
r  '972.  Tne  cotton  set  of  drawings  miqnt  represent  the  same  boat  after  r.ne 
tirJard  was  enacted.  Although  the  hu1'  shape  is  essentially  the  same  for  Doth 
•'.us  ,  the-  low-r  boat  would  be  rated  for  a  lamer  engine  because  of  the  ineavuro- 
er  is  useu  ir.  the  formula  U,  and  w, ) .  These  measurements  are  increased  in  the 
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'able  4-6  presents  me  data  for  tne  ■  ear  horsepower  oy  region  in  tne  power  ;ng 
•elated  accident  data.  The  Horsepower  distribution  for  tac.n  region  is  snown  in 
-iyure  4-6,  by  percentage  of  toe  powering  related  accident  boats  in  that  region 
.re  oy  tne  frequency  (renter  of  cases).  Tne  data  clearly  show  that  the  Soutr,- 
saS  t  powering  related  accidents  involve  scats  wi  tn  smaller  norsepower  mum  more 
•reguently  man  in  other  regions.  This  is  snown  oy  me  number  of  cases  wnere 
tne  norsepower  was  less  than  or  equal  to  25  np  and  by  tne  percentage  of  all 
powering  related  cases  in  tne  region  where  this  was  true.  The  Southeast  was  the 
only  region  in  wmen  tne  mean  horsepower  of  tne  coats  in  powering  related  acci¬ 
dents  was  less  than  1 GG  hp  (see  Taole4-6).  Tne  west  is  shown  to  have  more  highly 
cowered  boats  in  its  regional  powerinq  accidents.  This  is  shown  by  the  large 
mean  norsepower  in  the  West  (see  Table  4-6  )  and  oy  Figure  4-6.  Nearly  30s  of  all 
tne  teats  that  were  involved  in  powering  related  accidents  in  tne  West  had  horse¬ 
powers  of  over  20C  np. 

~AolE  4-6.  HORSEPOWER  3Y  REGION  FOR  BOATS  IN  POWERING  RELATED  ACCIDENTS 
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4.5  realities  Resulting  ~-~on  Course  Granges .  uj 

possible  reason  for  regional  differences  in  fatality  rates  for  power  mg  re  1  a  tec 
inents  is  tne  type  of  water  oeing  navigated.  For  snail  rivers  ana  narrow  water- 
a  larger  number  cf  course  cnanges  (turns)  may  resjit  in  falls  witrir  tne  coat. 


Is  overooard,  and  capsizings. 


noted  earlier  t.nat  these  types  of  decider 


e  very  connor,  in  tne  powering  related  sample.  Regional  differences  could  oe  cue 
some  regions  naving  more  narrow  waterways  (run-off  waters)  and  requiring  more 
mse  cnanges. 

PRAM  fatality  data  were  DroKen  down  by  region  for  those  iccidents  which  involv- 
ar,  intentional  cnange  of  course  on  the  part  of  the  operator  (see  Figure  4-5). 

■re  were  94  such  fatalities  (nearly  nal f  of  all  powering  related  fatalities).  The 
i trod u t  accounted  for  over  41  of  tne  powering  related  fatalities  assoc  ated  with 
lent  ion  a  1  course  changes,  while  tne  Rest  accounted  for  less  tnan  11.,.  This  sug- 
»ts  tha~  the  use  of  streams,  small  rivers,  and  other  narrow  and  winding  waterways 
the  Soutneast  may  contribute  to  tne  nigh  powering  related  fatality  rate  for  that 

lion.  Tne  type  of  ooat  and  activity  also  play  a  role  in  now  tne  intentional  cnange 
course  affects  tne  boat's  occupants,  Put  tne  data  are  suggestive  of  the  course 
v,,.o  DroDlem. 
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•*-5  ar.d  Figure  4-4  show  tr.e  ratio  cf  r.cunted  horsepower  to  rated  'irr-.epc w-r 
ewer  *■  1 1 1 o )  for  a1!  boats  in  powering  related  accidents  (in  1 975  am  1976, 
c-apsic  region.  The  West,  wnicr.  hod  the  lowest  Totality  rate  '.nee  Sec  for. 

'  iv  r.ji  tr>e  lowest  average  power  ratio.  The  Southeast,  wrier  hao  toe  highest 
r /  rate,  also  nas  the  nignest  average  power  ratio  (see  Table  4-5; .  'ie 
j  1  w  *.*  nows  that  the  percentage  of  boats  not  in  compl  lance  witn  the  tor  rent 
ro  increases  as  one  ~eads  down  the  table  from  tne  West  to  trie  Southeast, 
re no  -a  sc  he  s  the  trend  in  fatality  rates  shown  in  Section  4.1. 

..■os  i  r,  Ft  Cure  4-4  snow  tnat,  for  all  regions,  tne  .tost  frequent  power  ratio 
r *  i r  "nr-  ooats  in  powering  related  accidents  was  C.5  to  1.1..  The  most 
r •  ingle  /aiue  was  1.0,  wnion  was  obtained  when  the  boater  r.ad  mounted  an 
m-.r  matched  tne  coat's  rated  horsepower  capacity.  Tne  distributions  for 
st ,  Forth  Central,  ana  NortneuS :  regions  are  very  similar.  Tne  distncuticn 
e  :c  utneast.  is  distinguishable  because  mere  were  fewer  boats  in  mat  red  ion 
compliance  Categories  (0-0.5  and  0.5-1.01,  and  more  boats  in  me  ncn-conm 1 i - 
.t ms. r i es  (particular! j  1.0-1. 5  ar.d  1.5-c..,). 
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TABLE  4-3.  POWERING 


RELATED  FATALITIES  BY  AC Cl  DEN"  TYPE 


Number  of 
Powering  Related 
Fatal i ties 

Percent  of  Total 
Powering  Related 
Fatal i ties 

Colli sion/Grounding 

25 

13 

Swamping/ Capsizing/ FI ooding/SinKing 

85 

42  , 

Fails  Overboard  or  Within  tne  Boat. 

85 

42  , 

Struck  by  Boat  or  Propeller 

3 

1  0 

A1 1  Others 

o 

0, 

Unknown 

5 

2':. 

1 0 1 AL 

.  ...  ... 

204 

1 003 

TABLE  4-4.  ACCIDENT  TYPE  BY  BOAT  TYPE  FOR  POWERING  RELATED  FATALITIES 


Boat  Type 

Accident  Type 

Collisions 

Caosizings/ 

Swampings 

Falls  Overooard 
or  Within 

Struck  py 
Boat  or  Prop 

Jonnboats 

i 

47 

25 

0 

"ign  Performance  Boats 

i 

l 

3 

0 

Coen  Powerooats 

20 

20 

41 

3 

C ib i c  i'ctorzoats 

2 

I  3 

5 

n 

•J  j 

5  S  DCcl  t.  s 

2 

_ 

2 

_ 

i  J 

U 

TABLE  4-2 .  POWERING  RELATED  FATALITIES  BY  BOAT  TYPE 


Boat  Type 

Humber  of 
Powering  Related 
Fatal  i  t  i e t 

Percent  of  Total 
Powering  Related 
Fatal i ties 

Johnboats 

73 

36 

High  Performance  Boats 

5 

Open  Powerboats 

o4 

41  , 

Cabin  Motorboats 

20 

10  . 

Bassboats 

14 

7 

Unknown 

8 

4 

All  Others 

_0 

_o_ 

TOTAL 

204 

1  GOT 

>ie  data  indicate  that  over  one-third  of  all  the  boats  involved  in  powering  related 
accidents  are  johnboats,  which  are  prevalent  in  the  Southeast.  High  performance 
coats,  which  are  prevalent  in  the  Southwest,  represent  only  2-  of  the  powering 
re! a  ten  accidents. 

4. 3  fa taj  i ty  Oi str i m t ion  by  r y pe_ o f  Accident 

>e  ta -a T  it v  data  for  PRAM  were  broken  down  by  accident  type,  as  shown  in  Table  4-3. 
ra  I  ’ o/erfcoard  and  caps i zings/ swamp inqs  account  for  -'M  cr  the  cowering  related 
fatal  i  ties. 

I  a r i e 4-4  snows  the  crosstabulation  of  powering  related  fatalities  by  boat  t/rv 
and  act  Blent  type  for  those  that  were  known  on  both  variables  (196  of  the  204 
powering  related  fatalities).  The  table  shows  that  over  half  of  the  powering 
related  capsizings  and  swampings  involve  johnboats.  Over  43  of  tne  capsizinq/ 
.wampinq  and  falls  overboard  accidents  combined  (the  accident  types  mat  account, 
far  >4  of  the  fatalities)  involve  johnboats. 


Data  frcr  other  NbS  regions  were  simi  larly  broken  down  tu 
mates  for  the  four  regions  in  this  report. 


;>  ’ 


'll  * 


figure  4-3  snows  the  resulting  powering  fatality  rates  { f  i*  :  i  ‘ 
boating  hours)  for  each  region.  The  ordering  of  the  regions  .-!<'■  <  • 

fatality  rate  is  the  saint  as  it  was  for  fatalities  w  f  pi.-ic*  ,  r  ..  • 

tne  'worst,"  West  was  the  "best,"  etc.;.  However,  th<-  >n>  1  •<  ion  it  <•«:  ■  .>  •• 

shows  that  the  regional  differences  are  not  as  nmat  .1  :  igu»  <  .w  ,  :  .  j  ..••  f 

That  is,  one  of  the  reasons  that  the  Southeast  experience-,  .  run/  .  ■..<  w-«  :u  ; 

fatalities  than  the  West  is  that  there  is  more  exposure  in  Mm  n.tn<  <  t. 
regional  differences  do  persist  in  Figure  4-3,  and  the  unal  .-  e-.  t nrt r  1.. !  lew  m  this 
section  will  attempt  to  demonstrate  some  of  tne  possible  0i:,  wi.  ’  ••"I’oial 

differences  in  powering  fatalities  occur. 

4.2  Fatal  i  ty  Pi  stri  but ion_  bv  _Bo_a_t  Type 

Regional  differences  in  fatality  rates  in  powering  related  accidents  ray  be  due 
to  any  of  several  reasons.  Goat  types  vary  by  regions  (see  Table  4-lland  power¬ 
ing  related  accidents  could  be  more  dominant  in  some  boat  types  than  in  others. 

The  PRAM  Natality  data  were  broken  down  by  boat  type.  Tne  results  are  snowr  in 
Table  4-2. 

TABLE  4-1.  BOAT  TYPE  DISTRIBUTION  BY  REGION  'PERCENT; 


Region 

Boat  Type 

Paci fic 

Great  Lakes 

New  England 

: .  E  J  s  t 

■Total  of 

All  Regions 

Hi  on  Performance 

7 . 6 

4.2 

2.7 

"/  O 

Open  Powerboat 

51  .0 

61.1 

64 .  j 

62 .  § 

Cabin  Motorboat 

16.2 

7.4 

13.5 

C  _  -5 

10.4 

Johnooa  t 

5.7 

25.3 

16.2 

2 ; .  j 

1 G .  1 

Bass  Boat 

- 

1  . 1 

1  .P 

?«  .  j 

_  a 

Auxi 1 iary  Sail, 
Powered  Canoe/Kayak 
Housecoat 

Inflatable  (powered) 

4.8 

1.1 

C.7 

1  .  5 

inxm.vr, 

_j.e 

- 

0.  1 

2 . 4 

rota!  No.  of 

Boat.-  in  Region 

105 

05 

1 1  1 

lC'i 
(  /  C. 

Ah  •  * 

r  >  j 

Percentage  of 

A 1  ’  Power’ ug  Boa'S 

22.7 

_ 

20 . 5 

.  ?.  .  * 

.  •  - 

;  1  j(. .  1 

*  Note:  4  total  of  si/  boats  were  not  in  one  of  the  prescribed  regions. 

1  Co 


4.0  ADDITIONAL  ANALYSES  AND  RESULTS 


>.e  results  of  tne  Task  III  effort  to  evaluate  the  effectiveness  of  tr.e  .jrrer.t 
Standard  formula  in  predicting  risk  wi tn  increasing  mounted  norsepower  gave  rise 
to  several  questions.  The  questions  centered  on  issues  related  to  the  fact  mat 
me  current  standara  appeared  to  be  more  effective  for  some  coat  types  than  for 
otners .  The  variations  in  prominent  boat  types  across  regions  would  suggest 
regional  differences  in  powering  accidents.  These  issues  are  investigated  using 
PfAfl  data  in  tnis  section. 


4 ._]  Fatal  i  ty  0  i  s_t  ri  Put  ion  By  Region 

Figures  4-1  aria  4-2  show  tne  distribution  of  all  fatalities  (in  CG- 35 / )  by  geo- 
grapnic  region,  ano  tne  distribution  of  powering  related  fatalities  by  geographic 
region,  respectively.  The  data  for  two  regions  are  strikingly  different  in 
Figure  4-2  than  the  data  for  the  same  regions  in  figure  4-1:  the  West  and  the 
Southeast.  Tnere  are  relatively  few  powering  related  deaths  m  the  West,  consider¬ 
ing  tne  percentage  of  all  fatalities  that  occur  tnere.  The  Southeast  accounts  ror 
nearly  naif  of  all  powering  related  fatalities,  despite  tne  fact  tnat  less  than 
one- third  of  all  fatalities  occur  tnere. 
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TABLE  3-15.  COMP.I-WCE  VS.  TYPE  OF  ACCIDENT  FOR 
ALL  BOATS  OF  16  FT  OR  LESS 


TABLE  3-13.  TYPE  OF  ACC.O-.V  VS.  COMPLIANCE  FOR  OOHNECrT 


HAD  A  ?0 WE D TNG 

ACCIDENT 

!  In  Compliance 

45 

i  n 

|  69 

1  Not  in  Compliance 

i _ 1 

26 

19 

l 

Note:  Tnese  data  include  1972  boats. 


Table  3-14  presents  the  data  for  all  other  outboards  less  than  20  ft  in  length 
{ non-johnboats ) .  The  data  indicate  no  significant  relationship  between  compli¬ 
ance  ana  type  of  accident  for  outboards  that  are  not  johnboats  (corrected 

\  1  i 

-  0.162,  p  ■  0.75).  This  result,  combined  with  Table  3-13,  indicates  that  tne 

""/era II  ej  rT.-cti  vencss  of  the  current  st andarc  i_s  reflected  primar  1 1  y  in  :_tt 

•jf f ecti  venesss  for  johnboats  ,  s i nee  vt  shows  no  relationship  1  n  other  outooa ras  . 


TABLE  3-14.  TYPE  OF  ACCIDENT  VS.  COMPLIANCE  FOR  OUTBOARDS 
lESS  THAN  20  FT  IN  LENGTH  THAT  ARE  NOT  JOHNBOATS 


i - 

;  hAD  a  powering 

HAD  A  NON-POWERING 

ACCIDENT 

ACCIDENT 

‘  1 

In  Comp I iance  j 

90 

61 

No t  i r  Compliance 

43 

•1 

Tnese  du ta  include  no  1972  boats. 


"ao.e  3- 1  :>  presents  data  for  all  ooats  less  man  or  equal  to  16  ft.  :■  length, 

*  rows  a  s  te.  w  i  ■> ..  i  -..<i  i  1  y  significant  relationship  between  comp  I  unte  am  type  of 
■  cioent  (corrected  -  6.307,  o  •  0.025).  Tm's  means  that  o.  ut,  under  16  t: 

i 1 1 

;■  1  r-r.gti.  oomoly  with  the  current  standard  are  more  iuely  to  do  in  tne 

s  .  .-pewe^ii-g  sample,  while  tnose  tnat  co  not  comply  are  more  likely  to  be  in  tie 
.  u.vc'”su  , e.  Tne  relationship  for  boats  under  16  ft  is  related  to  the 
s  t  reported  previously  for  johnboats,  since  most  jonn  boats  are  under  It  ft 
;  erg"  n .  .  n  ;  nonpar: son  is  /ery  similar  to  Table  3-2  in  Section  J.  4.  1  ,  writ” 

•>..*  toots  .mt  tnan  20  ‘*t  in  length. 


'tower  set  of  drawings  without  chancing  the  boat's  performance  appreciably. 
Measures  such  as  and  howev. .  -  do  not  change.  Thus,  a  manufact  mi 

increase  the  horsepower  capacity  of  m.s  boat  by  flaring  its  cow  ana  transom 
sides,  without  changing  its  performance  characteristics.  In  effect,  this  cir¬ 
cumvents  the  intent  of  the  formula. 

Similarly,  engine  manufacturers  can  rate  their  engines  at  a  non-maximal  rpm 
enabling  tne  ooater  to  buy  an  engine  that  is  capable  of  more  than  the  rated 
norsepower  at  higher  rpm. 

Consequently ,  the  passage  of  the  powering  standard  may  have  resulted  in  creating 
an  opportunity  to  increase  power  ratings  that  are  not  reflected  in  the  formula. 
Tne  formula  would  then  not  be  effective  for  those  post-regulatory  boats  and 
engines,  since  it  would  not  apply. 

Tr.ese  issues  will  be  discussed  briefly  in  the  next  section,  and  in  greater 
detail  in  the  evaluation  of  alternative  concepts. 

3.4.5  Current  Standard  Effectiveness  By  Boat  Type 

Previous  data  analyses  have  indicated  that  the  current  standard  is  not  effective 
for  outboards  less  than  20  ft  in  length  built  after  1972.  However,  it  may  be 
effective  for  some  boat  types  or  lengtns  and  not  for  others.  For  example,  does 
tr.e  current  standard  reflect  powering  accident  likelinood  for  jonnboats  and 
otr.er  flatbottomed  Doats? 

e  cat.1  fur  jonnooats  were  separated  from  tne  outboard  data.  An  analysis  simi- 
.r  to  tnat  in  Section  3.4.1  was  then  performed,  where  all  jor.nbodts  were  categor 
mea  according  to  wnetner  the  Doat  was  in  compliance  witn  tne  current  standard 
arc  tne  xma  of  accident  tnat  tne  coat  was  in  (powering  or  non-powering).  The 
data  are  mown  in  Table  3-13.  These  data  snow  a  statistically  significant  rela- 
fons.’ii .  of  tr.e  type  indicated  in  Table  3-1  between  type  of  accident  and  compli¬ 
ance  'em  jonnooats.  "hat  is,  m.  powering  accidents,  johnboats  are  much  more 

to  h^e  oeen  overpowered  (according  to  tne  formula)  than  in  non-powerinq 
jcmde’i '  s  risner  exact  p  -  0.3279).  .Jonnooats  are  not  as  susceptible  to  design 
c ranges  mat  artificially  increase  rated  norsepower  (see  Section  3.4.4)  a,  o  trier 


X 


4.7  Risk  Versus  ewer  Ratio  for  .Jcr.nooat  - 


Data  ’-eporteo  in  earlier  sections  indicated  tnat  powering  related  accidents  are 
r.;ore  prevalent  m  tne  Soutneast  ana  on  ooats  witn  relatively  small  horsepower 
owner  compared  to  otner  nout  type:!.  These  data  suggest  that  johnboats,  which 
are  prevalent  ir.  tne  Southeast ,  may  represent  a  large  portion  of  tne  powering 
rotated  accident  problem. 

~ne  powering  related  accident  samoit  was  screened  to  select  those  accidents  that 
involved  ;crr, scats  ;from  all  regions  1.  Risk  functions  for  those  boats  were 
.lotted  versus  tne  Poats'  power  ratios  'mounted  horsepower/rated  horsepower).  In 
Figure  4-7,  tne  number  of  fatalities  per  1,000,000  boating  nours  '*rom  nationwide 
Scat  ’  r,g  Survey,  1973)  at  each  power  ratio  was  plotted  separately  for  jonnboats 
arc  a  touts  m  tne  powering  related  accident  sample.  Tne  best  fitting  expo¬ 
nential  for  tre  jonnboat  data  is  not  a  very  good  fit  ( r*  =  G.3),  but  it  is  better 
tnar.  nest  linear  or  logarithmic  fit  (r  -  •  C.2  in  ootn  cases  -  see  footnote  con- 
: err. in.;,  Figures  3-7  arc  3-d).  Tre  data  points  are  cased  upon  a  relatively  small 
sample  o*'  jonnocats  at  each  power  ratio.  Despite  the  fact  that  tne  Curve  does  not 
account  for  much  of  tne  variation  in  tne  data,  tne  risk  associated  witn  jonnooats 
' o  powering  related  accidents  is  greater  than  tnat  for  all  Doats  at  almost  every 
-Ow er  ratio.  This  is  particularly  *  rue  *cr  tnose  johnooats  tnat  are  not  in  com- 
.  lane-  with  the  current  standard  ) power  ratio  1.0),  wnicn  experience  several 
t:  es  tne  r;  s<  o*  an  “average"  boat  at  ere  same  power  ratio,  oincr  ‘ne  Soutneast 
•.  cr  tarns  apprc.<1"ijtely  40  of  tne  ’onnocat ,  in  tne  U.S.  (Nat:  ts  wi  7c  a  tine  Survey, 

■  9  ''3,,,  •  •  e  'i ,  ■ ;  r,  powering  related  fatal  1  fy  risk  associate-u  wit,  ,i  ic  ,*r>  may  account 
'or  *yCt  tr.at  cowering  related  fatal  i ties  occur  more  often  in  tre  Southeast.  As 
r.e*pro  i  .  r  'Cures  3-  ~  arc  2-8,  tne  precise  parameter  /aloes  for  *  nesa  curves  are  not 
a  s  i'T.r '  runt  a  c  t  re  shapes  of  the  Curves,  and  tne  differences  m  shape,  which  are 
•us'  '  /  /.ernefi  'mm  me  f  inure. 


-  •-  resents  tre  r ;  •  *  data  for  ,  orr;  boats  arc  for  ail  boats  ’In  powering  related 

w'.v,  ■..■••  s  of  'ir  nor:  oer  o*  t  c-j  c>  savin,  a  power, nc  related  -  :•  i  den  t  cer  ® 

.o'',  „  ;  t'n.,  no-rc.  .  n  mis  .;c  ,  t/'e  accicent  rate  for  gone  coats  va  seeds 

tne  for  an  '.r.erago '  teat  at  every  povve r  ratio.  As  before,  the  ns,  goes 

,p  s  ■  ;i  ,  ‘or  t-.r  enn  od‘ :  tna‘  were  not  in  compliance  witn  the  ...rrent 


tar.dj 


UAFAltms  (’Ll-  1,000,000  BOATING  HOURS) 


(NUMBER  or  BOATS  IN  POWERING  RELATED  ACCIDENTS 


4.3  Powering  Accident  Seven  tv  by  Power  Ratio  for  Jon  r,c  oats 

Trie  powering  related  acciaent  data  were  sorted  by  boat  type  and  power  ratio.  Tie 
trie  severity  of  each  accident  was  computed  lasing  the  lower  values  for  eacn  sever 
rode).  Thus,  Tdble  4-7  oelcw  shows  tne  total  seventy  of  accidents  at  each  power 
ratio  mounted  horsepower/rated  norsepower)  for  eacn  boat  type.  Tr,is  table  dees 
•not  present  an  accurate  picture  of  the  severity  data,  unless  it  is  tempered  with 
exposure  data.  Tne  severity  was  divided  by  the  boating  exposure  at  each  power 
ratio  for  jonnboats  and  all  boats  coir, Dined.  The  result  was  the  set  of  grabhs 
in  Figure  4-9  ( tnousanos  of  dollars  "in  severity  of  powering  related  accidents 
per  1,000  boating  hours  of  exposure  by  power  ratio).  For  these  computations,  a 
human  life  was  valued  at  $480,000.  The  graphs  show  a  marked  increase  in  severity 
with  increasing  power  ratio  for  johnboats.  This  function  was  much  steeper  tnan 
tne  same  plot  for  all  boats.  In  both  cases,  an  exponential  curve  fit  was  better 
than  either  linear  or  logarithmic  (greater  r:),  but  still  accounted  for  only 
about  25  percent  of  the  variation  in  the  data.  (See  footnote  corresponding  to 
Figures  3-7  and  3-8).  As  before,  the  general  shape  and  differences  in  the  curves 
are  much  more  important  than  the  precise  parameter  values. 


SEVERITY  (Iff  SI , TOO  INCREMENTS)  BY  BOAT  TYPE  AND  POWER  RA’IO 
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ACCIDENT  SEVERITY  RATE  (THOUSANDS  OF  DOLLARS  PER  1,000  BOATING  HOURS) 


Analyses  and  Ot”er 


Conclusions  to  Rec :  v  r.  a  i 


preceding  pages  Pave  shown  that  regional  differences  exist  in  she  revering 
related  acciaerr  cuts.  Subsequent  analyses  attempted  to  account  for  these 
npyicru]  differences  in  terms  of  ooat  type  differences,  water  type  differences 
\ tne  "jiT^r  of  course  changes  necessary  to  navigate  tne  waters),  and  accident  type 
cr  v*e  renr.es  .  7  re  results  were: 

•  Tne  distribution  of  powering  related  fatalities  by  geographic  region  is 
very  different  from  the  distribution  of  all  fatalities  by  geographic  re¬ 
gion.  The  West  accidents  had  relatively  few  powering  fatalities  wnile 
tne  Soutneast  accounted  for  nearly  half  of  tne  powering  fatalities. 

•  Tne  Soutneast  had  a  nign  powering  fatality  rate  (the  number  of  fatal  - 
■  * ' es  per  1,000,900  boating  hours)  when  compared  to  other  regions. 

•  jorn:;  ,,ats  accounted  *‘or  over  one-tmrd  of  the  boats  involved  in  powerinc 
re1.! ted  accidents,  wnile  open  powerboats  accounted  for  over  40  percent. 

•  '-w.iT.pi  r.qs  a  no  caps  i  cinqs  (42  '  am  falls  overboard  or  within  the  boat 
'42  were  the  dominant  accident  types  in  powering  related  incidents. 

•  '>"■  ’la’*’  of  tne  powering  relate-  apsicinqs,  ana  over  43  percent  of 
v>:  .ops  icings  ana  fails  overboard  (combined)  involved  johnooats . 

•  *  e  :  e  r.  power  "atio  (mounter,  horsepower  divir.ee  oy  -ate:  no  rue  power  ,• 

•*.us  tne  nianest  in  the  Soutneast,  .>r.  i  tne  mean  power  ratio  for  a  boar. 

s  lowering  related  accident  in  the  Northeast  and  tne  Southeast  was 
n..r  in  co-pl  iance  wi  tn  the  Current  powering  standard. 

•  're  jtneu'.t  a.. counted  for  over  41  percent  of  t.r,e  powering  fatalities 
.  s  ; r. •, a r *-",1  v.ir-i  intentional  c;;v-v>  manges  (turns,,  wnile  tne  West 

:•  .  ;  .mm;  :  i -m  ,  thor.  i  1  . err  .  Nearly  njl  ♦  of  tne  power’  ng  re ;  it«  o 

-  .  •  •  *  •  ,mw>  ; ii  r\  lents  i  r,  m  .  j  ■  ■'  g  :  ntenti  jr  il  course  cha’  .es. 

«  '■i'in  •  ersi.'pcwnrs  hv  ren  in;  -  *•  rn*-  power  i  no  >'ei<iten  accidents  .m  m> 
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1  GO  np.  However,  different  types  of  boats  are  used  in  d;  f recent 
regions,  and  some  per for"  differently  than  others  wnen  equipped  with 
norsepowers  aoove  their  fon,<ula  rated  horsepower. 

In  terms  of  risk  of  an  accident,  risk  of  a  fatality,  and  severity  of 
an  accident,  as  the  power  ratio  increases  on  /johnboats  ir,  the  powering 
related  accidents,  tne  risk  or  severity  increases.  The  risks  (accidents 
or  fatalities  per  1,000, COO  boating  nours)  for  jonnboats  were  much  nigner 
than  for  an  "average"  boat  in  the  data  base. 


5.0  PRELIMINARY  IDE' 


i...  .CATION  OF  ALTtR.NAiiVE  APPROACHES 

Tne  RBS  R&D  development  process,  as  depicted  in  Figure  5-1,  calls  for  the  identi¬ 
fication,  feasibility  analysis,  ana  preliminary  effectiveness  analysis  of  alter¬ 
nate  solution  concepts  after  the  completion  of  the  cause  identification  phase. 

In  tne  present  effort,  it  was  decided  to  include  a  preliminary  identification  of 
alternate  approaches  task  in  the  cause  identification  pnase,  in  craer  to  ensure 
tnat  any  concepts  identified  by  the  researchers  working  with  tne  accident  data 
were  properly  documented  for  use  in  the  alternative  concepts  phase  of  the  project 
Tnis  section  documents  the  concepts  we  have  identified,  and  provides  any  readily 
availaDie  data  we  had  concerning  the  rough  magnitude  of  tne  accidents  to  wnicn 
eacn  iaea  is  applicable. 

As  a  means  of  structuring  tnis  section.  Figure  5-2  depicts  the  interrelationship 
of  tne  man,  tne  machine,  and  the  environment  in  an  accident  situation. 

In  most  accidents,  a  cnange  in  tne  environment,  tne  operator,  or  the  boat  could 
nave  "broKen"  the  accident  cnain  and  tnus  prevented  tne  accident.  Since  tnere  is 
little  tnat  the  Coast  Guard  can  directly  oo  tc  "regulate"  the  environment,  we 
nave  organized  our  alternative  concepts  into  standards  concepts  aimed  at  the  boat 
and  possible  educational  or  enforcement  approaches  aimed  at  tne  operator.  I*. 
Should  oe  noted  tnat  tne  c no  ice  of  aporoacnes  is  not  easy.  Tnere  is  a  oi  ;  dif¬ 
ference  between  jro.r.uT gating  a  standard  or  education  program  and  achieving  tne 
"  tnangtr"  in  boat  >r  operator  performance  desired.  Factors  to  oe  ton  side  red  i  nc  1  u 
t'.e  rovera  :e  '  acmeved  .  *r.  •,  1  e  standards ,  assuming  mgn  cor; pi -once,  tan  rear”. 
'■id''',  i  a,,  .moats  o*  tne  tyre  under  consideration  manufactured  after  a  give'1  date. 
-‘ZuC.ifrn  program  coverage  is  not  presently  as  widespread  as:  nas  a  ce'inire  proo 
r  aa  C”  >  "  ten  te  rs  w  nc,  *rp  not  interested  in  becormc  proficient  at  their  hof>o* 
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t ' c n  til  standards  approacnes  nas  Peer,  subdivided  into  sections  on  a  i  terna- 
j  f  f<sc  t '  ng  mo,  jnteo  horsepower  ai'.Q  cmer  alternatives  to  powering  related  ac  - 
•.  ore'/e”*.  ior ,  ^ci  as  start-in-gear  protection  o*'  non-skid  surfaces. 

•'  .1.1  norsepower  Laos  .  i  ng  A1  ternati  ves 
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nip  with  om.er  Dealing  safety  standards  is  in  order.  Tne  present  standard, 
re  federal  level  tf  enforcement,  is  a  iaoeling  criteria.  It  provides  i n forma - 
•  f  to  Sj,:er  ..  jnce^ning  tne  horsepower  capacity  of  ni s  coat  as  det i ned  by 

-  "fte re ,  * t  irignt  be  mo*'-  p  .re]  •/  identified  as  an  educational 
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board  in  most  accidents  witn  larger  ..oats.  Therefore,  a  a  p*  acf. .  j  .  .  '  r ,  even 

large  }  percentage  increases  m  power,  probably  do  not  sigm  recant  ly  u. create 

accident  or  decrease  recovery  pro&aoi".  i  ties .  flevertnel ess ,  in  tne  absence  of 
*ade>-j ,  formulation  or  otner  required  means  of  determining  norsepower  capacity, 

. ..  e  '  ;  i  on  for  consumer  ;  n  for:,, at  ion  labeling  of  tne  safe  .norsepower  cr  safe 
we-qnr  used  in  determining  load  capacity  arc  flotation  capability  would 
■'.v, ..  to  ce  provided. 

w’tn  tne  preceding  in  mind,  we  have  identified  tne  following  alternatives  for 
labeling  of  outDoard  norsepower  capacity  for  boats  other  than  johnboats  (as  the 
present  standard  appears  effective  for  johnboats): 

a  F.  1 1 innate  tne  present  formula  standard  but  require  lapel  me  of  nia n u - 
fddturer  determined  norsepower  capacity.  This  approach  would  assume 
scat  no  cost-effective  capacity  di scriminator  (test  course  or  formula) 
coulc  oe  identified.  As  tne  loading  and  flotation  regulations  require 
a  norsepower,  or  engine  weight  limitation  of  some  sort,  safe  horse¬ 
power  capacity  information  would  still  be  required,  but  the  limit  would 
oe  set  ::y  tne  manufacturer  using  any  method  he  c nooses.  This  is  c-suer.- 
t  j  tne  system  wnicn  presently  exists  for  inooards  -  tne  manor  jc:*.rer 
est.ibl  ;  sr.ei  ms  own  norsepower  limit,  but  must  use  tne  corresoen  nog 
tr'-.mme  .-.eignt  in  determining  load  capacity  and  flotation  -'eg;,  i  r.-men  t  s . 
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Once  a  performance  criterior  it  estaoi isned,  develop -rig  a  test  course 
ana  pass/fail  criteria  to  test  it  is  reasonaciy  strai gntforwara.  Un¬ 
fortunately,  developing  one  wni  cn  rr.inrr.i  zes  tne  ir.fi  jence  of  t  range:  ’r 
driver  sxiiiS  ana  judge  >  experience  is  rot  as  easy,  cne  a  ■  ternat ’•  ve 
:  s  to  use  electro-Riecnar  val  "drivers  ‘  ar.o  "jueges,"  out  the  retul tirg 
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teenmeal  or-e*.  Operationally,  defining  a  pewerinq-re , atea  accident 
is  equivalent  to  defining  the  sample  to  be  coded  threugn  DRAM.  'ms  was 
accomplisnea  tnrougn  engineering  analysis  of  the  prodem  in  consultation 
with  Coast  Card  personnel.  A  decision  tree  was  deve'ooec  w"-;"  • s  pre¬ 
sentee  and  discussed  in  this  report.  A  preliminary  3RA.M  was  deve'eoed 
and  tested  r./  tne  coding  of  2C  acc ’dents.  The  nesj'ts  oe  tnat  :cd‘°:  are- 
presented,  along  wit.n  recommendations  *cr  tie  f'nal  -'em  pf  -RAV,  anG  for 
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PREFACE 


'his  document  is  the  first  of  two  volumes  constituting  a  technical  brief 
on  the  Powering-Related  Accident  Model  (PRAM).  Since  the  coding  of  the 
2C  accident  samole  tnrougn  PRAM,  several  new  developments  in  the  powering 
oroject  have  occurred,  necessitating  a  seconc  volume.  Volume  2  will 
detail  these  further  developments  in  tne  areas  of  the  powering-rel ated 
accident  decision  tree,  the  nature  of  the  total  sample  in  terms  of 
severity,  and  PRAM.  In  addition,  the  data  needs  for  the  evaluation  of 
powering  accidents  will  be  reviewed  in  terms  of  the  event  and  sequencing 
' n^ormati on  that  can  only  be  obtained  rrom  in-depth  investigations,  some 
‘"atal  accident  reports,  and  field  studies. 
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-power  capacity  stated  , .i 


.■.Mat  is  tne  ra  tec 
o n  boa  t? 


.snat  is  tne  horsepower  rating  of  the  engine  ycu  currently  nave  • 

mounted  on  your  boat? 


j  / 
A ) 


Is  your  boat  classified  as  a  bass  boat  or  fish  and  s<i  boat7 
*'ere  your  boat  and  engine  purchased  separately  or  as  a  packager 


•  A  comprenens i ve  definition  of  a  bass  boat  and  a  jonnboat  should  be 

developed  and  the  BAfi  form  and  NBS  questionnai re  snoulo  be  modified  to 

include  these  as  two  additional  types  of  boats.  The  definition  should  • 

include  considerations  for  future  design  changes. 


*  Engines  should  oe  dynamometer  tested  and  rated  under  the  sane  constraints 
regardless  of  manufacturer. 

•  A  sensitivity  analysis  o*  tne  safe  powering  formula  should  be  conducted 
using  test  courses  related  to  the  powering  related  accident  scenarios 
for  empirical  vari  fi cati or; .  It  is  possible  that  tne  formula  can  be 
adjusted  to  reflect  its  potential  effectiveness  as  demonstrated  in 

tne  are-requl aticn  data. 

i  ~ne  present  formula  snouid  oe  retained  for  establ  is.ning  tne  no  me  power 
'  :  .  i  *  tor  jonnboat' ,  and  possibly  other  boat  types. 


li.cdent  data  base  snouio  to  expanded  to  induct  ‘TV  lot 
incidents  in  order  to  determine  tne  effects  of  I  a  roe ,  power- 
-jngines,  end  the  i  ncrease  in  tne  bass  boat  population. 


t 


•  r.vesti  cations  within  the  identified  regions  sr.ould  be 
u>*-  re  pc.pu  tir  boating  seasons  tu  /eri  f  /  tne  assumptions  made 
vji.,'--  dar 1  r  tnij  pnase  of  "ne  project  d-e.,  collect  real 
v.-.pr  r.:  * ;  o  iota,- .  'rent  dan,  -nou.d  provide  val  a  a  die  <  nr-u  t 
i.iCa  t'  ' ' . a .•  e r, *'o re- men t  cp (' c e p t  >  a we  1  ■  . 


.r  rid  uC  t  ed 
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Tne  current  standard  formula  was  derived  empirically  from  tests  involving  classically 
styled  boats  running  small  (less  than  30  np)  outboard  engines.  This  innerently 
indicates  non-effectiveness  for  systems  not  included  in  the  empirical  derivation 
^i.e.,  flared-huli  boats  and/or  high  horsepower  engines). 

Test  course  methods  (tnemselves  extrapolated  beyond  their  derivation  criteria  con¬ 
siderations)  do  not  substantiate  the  point  of  "safeness"  for  outboards  less  thar  20 
feet  m  lengtn.  This  is  substantiated  in  tne  results  of  the  tests  conducted  by 
the  5 1 A  and  ABYS  in  Naples,  Florida,  in  October,  1  977  on  boats  equipped  with  V-6 
outboard  motors. 

"sere  are  regional  variances  in  the  probability  of  having  a  powering  related 
uccicent  and  the  probability  of  having  a  powering  related  fatality.  The  South¬ 
east  region  was  the  region  with  the  highest  risk.  The  regional  differences  can 
oe  accounted  for  in  terms  of  boat  types  (johnboats,  prevalent  in  the  Southeast, 
naving  ccnsioeraoly  nigher  powering  accident  and  fatality  risk  than  other  boat 
types)  and  water  types  (many  powering  accidents  and  fatalities  result  from 
intentional  course  cnanges,  such  as  might  be  required  on  the  small  streams  and 
rivers  of  which  there  are  many  in  the  Southeast. 

''  ••  toottom/nard  chine  boats  witn  relati  vely  low  internal  freeboard  (passenger 
:0" purtmenr  floor  to  gunwale)  dimensions  are  tne  most  frequently  encountered 
-  >:Ss  ■  iivn  ved  in  falls  overboard  during  meaneuvers.  The  most  significant 
respiting  in  tne  most  fatalities)  accident  mechanisms  identified  by  the  sample 
;  i  *  i  involved  nign  longitudinal  or  lateral  accelerations  and  unexpected  boat 
o  J'i"  er  ts  . 

*.  i*  tne  oroper'y  damages  are  reportedly  due  to  collisions  in  wnicn  tie  opera- 
■  "ns  control  of  the  coat.  This  appears  to  be  a  result  of  accident  report- 
:  mice,  , n  lost  cases,  insurance  claims  are  involved. 

:  .  in  ••os,.;  ts  Jf  this  study,  several  recommendations  are  urged: 

•  *’.e  \6'  questionnai  re  snould  f,e  revised  to  include  several  questions 

'hat  will  supply  mucn  of  tne  needed  but  missing  boatinn  information. 

'"•c  recommended  questions  are: 
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oc  der  t  -t:  t’or  or  a  oowermg  re  .  a  ted  accident  is  a  ccfr.pi  icatec  :  a  t  r  i  .<  f  q 
aucr,  rec.ui  ring  a  j  jagmen ta  ■  decision  on  powe''  involvement.  Sucn  a  d~ r'  r i  t 
tt.-fcn  derived  and  applied  tc  a  ■  1  reported  accidents  for  1975  and  to  a! •  epo'" tea 
fatal  ace' cents  4cr  1976.  Powerirq  related  accidents,  as  we  have  aef’  red  then,, 
account  for  approximately  six  .,5)  percent  of  all  reported  accidents.  'his 
percentage  involves,  on  tne  average,  the  loss  of  over  ICO  lives  per  ,ea r  on  tne 
u.  S.  waterways.  Tnis  is  a  conservative  estimate,  as  tne  defir.i  tio/i  fi  ’  ters  out 
such  accidents  as  "grounding"  and  "nit  submerged  object."  Alth.Ov.gn  these  types 
o*  accidents  are  not  initiated  (in  -nout  cases)  oy  excessive  power,  power inu  may 
: n crease  tne  severity  of  these  types  to  the  loss  of  life  level. 


> c v e r u ,  ccnpari sons  of  pre-  ana  post- regulation  Doats  in  tne  sample  were  made 
w.  tn  me  data  indicating  that  tne  ratio  of  mounted  horsepower  to  formula  rated 
horsepower  was  the  same  for  pre-  ana  post  regulation  craft.  Tnis  indicates  Mat,  after 
c-eing  promulgated  as  a  government  standard,  the  present  formula  nad  iittle  effect 
on  cnang i r .y  tne  powering  tendencies  of  tne  average  boater  in  the  accident  sample. 

. s  was  founc  that  compliance  with  the  current  standard  was  no  more  frequent  for 
:  '.per  ter.  cud  oca  ters  tran  for  ncn-exoerier.ced.  However,  boating  safety  education 
as  shown  tc  . ead  to  greater  comp i  iar.ee. 


uvWr'ost  irandarl  -‘c real  a  is  net  a  good  predictor  of  risr  1  de f as  the  or oo- 
iv  :ng  4  a  t  a  ’  t  / ,  or  the  .irooaoi  1  i  ty  of  having  an  ate  ;  d;rt,  for  most 
/  :,e.:  me:  t-v: .;  .  ruwever,  the  formula  ored’c:  'on  seems  to  ce 
; !  d  *  v  i'lr.n-rv  ;e  to  :  *•. .  Tr.t-  formula  does  not  predict  the  impact  of 
*  •  dt.- :. .  :r  cn  ir.des  .stove  tne  water  line  anc  allows  nlgner  horsepower  rating- 

'  wren  '.•**•  r"  rnr  u  t reai.l  i  neu  noa  ts  i  rregarcless  o*  the  aoieoi.fi  or  change  in 
w.i  sy  •  -  t^r'acer. . 


•  n  i  *  t.ihdjr  i  ‘on,  ,i  ,•> a •-  ev  il  -j.itea  ’  °.  terms  o  ‘  '-•ver.il  r  i r  par  3- 
'  .  S  an  •.  r.  t.t- ;  n,;,  •  -  r,  ri  "»k  V/ i  tn  nrn-cm.p'  i  .v.  e  for  ..ms  t- 

’  -  .  :  -t  m  '  e  '•  '  *  s  *  n  risx  ‘dr  ore-recuUtion  pacts. 
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If  sound  laoelmg  criteria  .re  developed  ana  related  to  powering  related 
accidents  eitner  through  test  courses  and/or  formulas  Dased  on  test 
course  results  or  accident  risk  data: 

1.  Change  overpowering  to  prima  facie  evidence  of  negligent  opera¬ 
tion  on  federal  waters 

2.  Encourage  states  to  follow  suit  on  state  and  joint  jurisdiction 
waters 

If  no  sound  labeling  criteria  are  developed  relative  to  powering 
accidents  but  a  labeling  criterion  remains: 

1.  Advise  states  tnat  federal  horsepower  limitations  are  important 
'•elative  to  overloading  and  flotation  only,  except  for  johnboats. 

■or  jonnboats,  in  any  even*:: 

Encourage  states  to  step  up  passage  or  enforcement  of  overpowering 
regulations  for  1 i gntweignt,  nard  chine  boats  (use  definition  in 
powering  standards)  as  most  johnboats  accidents  occur  on  inland, 
joint  and  state  jurisdiction  waters. 


5.2  Education/triforcement  Alternatives 


Two  sets  of  education  and  enforcement  related  alternatives  were  identified  a:  part 
of  this  effort.  Tne  first  set  are  alternatives  aimed  at  maximizing  the  effective¬ 
ness  of  tne  powering  capacity  labeling  alternatives,  the  second  set  identifies 
common  operator  errors  in  powering  related  accidents  which  may  or  may  not  be 
addressed  in  present  education  or  enforcement  programs. 

5.2.1  Education  Related  Alternatives  to 
Enhance  Powering  Capacity  Labeling  Effectiveness 

Tne  following  alternatives  were  identified  under  this  category: 

a)  If  a  sound  labeling  criterion  is  developed  and  related  to  powering 
related  accidents  either  througn  test  courses  and/or  formulas  based  on 
test  course  results  or  accident  risk  data  and  in  any  event  for  johnboats: 

1.  Advise  on  the  dangers  of  overpowering  beyond  tne  capacity  stated 
on  the  label,  including  tne  susceptibility  to  powering,  loading, 
and  flotation  recovery  related  accidents. 

2.  If  a  new,  relatively  simple,  formula  is  developed,  advise  owners  of 
existing  boats  on  how  they  can  calculate  their  new,  improved, 
maximum  norsepower  capacity.  Be  careful  to  note  dangers  of  increas¬ 
ing  capacity  as  a  result  of  tne  calculation  due  to  loading  and 
flotation  considerations. 

b)  If  no  sound  labeling  criteria  can  ce  developed: 

i.  Advise  on  tne  dangers  of  naving  engine  weignts  aoove  tnose  snown 
on  tne  capacity  plates  relative  to  loading  and  flotation  related 
accidents. 

Advise  on  means  of  avoiding  or  recovering  from  "powering  related 
acc i uents . 

5.2.2  Enforcement  Related  Alternatives  to 
Ennance  Powering  Capacity  Laoeling  Effectiveness 

*  f  o  1  :,o  a  1  “  nrr.u  1 1  vev  were  identified  under  this  category: 


I 


:w 


-or  tnose  accidents  accepted  at  noce  14,  possiDle  approaches  other  tnan  improved 
rails  and  guards  can  Pe  identified.  One  possible  approach  is  imposition  of  pro¬ 
portional  steering  ratios.  This  would  result  in  a  softer  initiated  turn  and 
,erreos  forewarn  the  passengers  of  the  forthcoming  change  in  direction  allowing 
:re~.  tr.e  time  to  initiate  restraining  actions.  The  maximum  benefit  to  be  realized  m 

tms  approach  according  to  our  sample  is  approximately  seven  lives  per  year. 

' r  i  means  tnat  in  order  to  be  cost  effective,  the  one-time  cost  per  boat  must 
oe  less  tnan  56.90.  This  approach  has  some  disadvantages  in  tnat  the  avoidance 
.aneuver  is  nampered  by  the  additional  movements  required  of  tne  operator.  This  • 

ears  that  any  benefits  realized  here  may  be  offset  by  an  increase  in  the 
■  w.xer  of  colli  sions. 

-  i 'St  of  several  standard  approacnes  that  could  be  investigated  in  a  future  effort 
is  presented  in  Taole  5-1  along  with  tne  number  of  possible  lives  to  oe  saved  as 
vs  seated  in  our  sample  data. 

• 


encasement  is  not  the  solution, 
years. 


leaves  29  total  lives  to  he  saved  in  t.vo 


Now,  one  must  consider  that  by  their  nature,  guard  rails  will  result  in  a  certain 
amount  of  bodily  injury  to  tne  persons  that  are  being  kept  in  tne  boat.  This  must 
De  deducted  from  tne  benefit.  However,  we  will  disregard  tnis  deduction  nere. 

Tne  disadvantage  to  this  alternative  lies  in  tne  costs  to  the  consumer.  An  esti-  ® 

mate  of  the  cost  of  adding  hand  rails  (cased  on  wholesale  catalog  pricing  of  pres¬ 
ently  available  railing  hardware  and  including  nuts,  boits,  screws  and  a  nominal 
labor  estimate)  runs  on  the  order  of  $150  to  $200  per  boat  considering  an  average 
lengtn  of  16  ft.  Using  the  number  of  boats  sold  in  1  977  as  a  base,  tne  costs  ♦'or  * 

outboards  (per  year)  is  somewhere  between  $50.4  million  ana  $67.2  million  3.r,c  -'or 

inboard/outdrives  between  $12.6  million  and  $16.8  million.* 

Tne  total  cost  per  year  to  the  consumer  is  then  between  $63  ana  $84  million  dollars.  • 

Tne  costs  would  have  to  be  reduced  to  approximately  $16  per  beat  in  order  to  oe 

cost  effective. 


»  Cmc?  6 tit  to  society  is  to  be  compared  to  tne  cost,  then  botr  must  do  expressed 
,i  terms  of  collars.  Various  dollar  values  nave  been  assigned  to  a  huma;  life  dur¬ 
ing  various  research  programs.  For  tne  purpose  of  illustration,  a  value  of  $480,000 

is  c nosen. 


s  o  e  u  a . 
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(lives  saved  ;  >er  year)  :<  __v  a  o  ■  1 1  fa) 
uoai  Population 


■ . o  s  l  u  c '  yea i 

per  boat 


1:  .  1  / :  n  g  V'  •  s  number  cy  tne  expected  life  or'  a  ooat 
s’  boat  i  j  borained. 


./ears),  a  one-time 


■  '■S'  J 


'.re  aoove  rationa.e  to  tne  i M 


ies  at  eacn  node  of  a«.i  ince  end 


deter  re  tr.e  betief :  ts/nOsts  of  various  other  standard  approaches. 


er-  ai'"  bn  led  on  tne  c-M'mig  industry  Murine  “a  /  xe*  -.ui  /e/  t  < .  r 


•'  is  not  to  be  construed  an  promoting  a  theory  tnat  lives  of  boaters  are 
torture  in  a  monetary  sense  only.) 

'rere  are  two  approaches  to  standard  promulgation  wnen  attempting  to  save  boaters' 

■ .es.  Basically  standards  fall  into  one  of  two  categories:  1)  standards  to  pre- 

■  accidents,  and  Z)  standards  that  preserve  tne  capability  to  recover  from  tne 
■  n e r  t .  3otn  categories  have  been  investigated  by  the  Coast  Guard.  Obviously, 

aiiv  of  tne  boaters  counted  as  fatalities  in  the  powering  related  accident  sample 
j',  d  nave  peer.  saved  tnrougn  recovery  measures  suen  as  would  exist  through  recovery 
.,ce  standards  such  as  PFO  usage,  mandatory  swimming  instruction,  level  flotation, 
r.ners.  riowever,  the  primary  attention  nere  should  be  placed  on  accident  pre- 
•  -it*. or.  instead  of  recovery. 

*re  prevention  category,  there  are  alternative  approaches  that  cross  over  the 
of  separation  between  various  nodes  of  acceptance  and  may  therefore  save  a 
.  i  r,  .  f  tnese  lives  documented  in  different  nodes.  Examples  of  these  are: 

•-•ute--  '.-ducat  ion,  2)  improved  hand  ra i  1  s/guards ,  and  3)  beverage  control  laws. 

,  •.  *  v  *  cation  r.as  beer  addressed  earlier.  Beverage  control  is  a  state  enforce- 

■  •  .rosier;  wi  t  n  extremely  niqn  costs. 


o  rai'-  s /guards  could  be  considered  a  viable  alternative.  Pe<;ui ring 
.  to  incorporate  '.nose  into  rr.e  c.osign  of  their  Doat-  could  .cssi:il; 
or  1-  tnose  fatalities  listed  under  nodes  14  and  18. 

in:,  .ample  there  were  58  fatalities  listed  under  node  1  *  and  2d  list; 
Bo  tn  if  t.nese  nodes  involve  falls  overboard,  rewever ,  rner-»  are 
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:ne  two  nudes.  , ne  total  ounce r  of  fatal i ties 


r  o'  a f  both  nodes  is  80.  Also,  since  trie  present  formula  works  for 
i.jrtfect  tnose  ,27  fatalities)  from  tne  numoer.  (These  cases  were 
•  rr.e  tsrmui<i  to  become  accidents .  ,  .-urt  of  tnose  53  remaining  !(:?'• 
'"'■.ul*  j*  c  jps  icings  an  n  swamp  mgs  leavmg  (431  tnat  could  possibly  nave 

t  nac  trey  not  gone  over  tne  side,  nowever,  approximately  iCm,  of  tnese 
o  t:  meir  'all  cy  neing  in  a  poor  position.  It  must  be  assumed  tnat 


won  id  .u .  na 


teen  no  1  ued  unless  trey  were  'em  a  ' 
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HE  ■>0'iiEi< . *io- _  .A"  ED  ACCIDENT  MCDEL. 

',.0  INTRODUCTION 

”ne  objectives  of  tne  sate  powering  project  are:  1)  to  determine  the 
reed  for  a  standard  limiting  tne  Horsepower  of  recreational  boats,  anc 
c)  to  determine  whether  there  is  a  need  to  improve  tne  present  standard 
or  level  op  a  new  one. 

Basically,  there  are  two  major  work  elements  in  obtaining  each  of  the 
objectives  listed  above.  First,  powering-related  accidents  must  be  defined, 
’his  tyoe  of  accident  is  not  as  easily  defined  as  others,  ano  this  work 
element  is  critical  in  determining  tne  need  for  a  powering  standard  and 
evaluating  alternative  standard  concepts.  Second,  tnrougn  accident  data 
analysis,  the  need  for  a  powering  standara  should  be  determined,  "he 
definition  ootained  in  the  first  work  element  is  used  to  define  tne  sample 
o*  oata  to  be  analyzed.  The  powering  related  accident  model  (PRAM)  is 
developed  as  part  of  the  second  work  element.  It  is  an  analytical  tool 
to  he  used  to  summarize  and  manipulate  tne  accident  data.  Provided  a 
significant  numter  of  cowering  accidents  do  occur,  PRAM  will  enable  tne 
description  of  these  accidents  in  terms  of  the  prominent  acciaent  mechanisms. 

"~e  *wo  rtcr*  elements  that  enable  one  attainment  of  the  second  objective 
a co.’?  me.  1  evaluate  tne  effectiveness  of  the  present  powering  '•eou- 
'j*'on.  i '•a  2"  evs’uate  tne  effectiveness  of  other  possible  cowering 
*egu  av  cns.  Tnrcucn  this  onase  of  t.ne  project  questions  such  a?,  "Does 
■re  z-'-isent  star.card  prevent  powering  accidents?",  and  "would  another 
standard  prevent  cowering  accidents  wmcn  nicnt  occur  jr.der  tne  present 
'•ecu'  ation?"  snouid  ce  answered. 


”  r  a  technical  orle^  provides  an  accounting  of  the  progress  to  date  in 
a..-  -  ev -nc  tie  Mrst  objective,  that  o'  determining  tne  need  co r  a  cower-' no 
■  tar  tan.  ~ne  leve'ppment  of  ore  ae'-niticn  o*  a  cowering-rela^ed  accioen’ 
j  tetai'ed  ano  *;r.e  *';na‘  form  of  the  definition  r  a  decision  tree  for 


mg  accident:  "i  the  saris 


-'nr  :PAM  is  cescr-peo,  inc'  uamg 


j.ienar-ss  or  ace -cents 


iat  .vCu 1  d  re  'ncluded.  ~ne  deveToonent  of  3CAM 


j  ;ut  1  "-ed  *■  *ne  point  of  the  ipdmo  qf  2D  accidents  do  test  the  -node' 
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~ne  results  and  implications  of  tne  cooing  of  tnat  sample  are  analyzed. 
Suggestions  and  revisions  for  PRAM  are  discussed,  along  with  the  proposed 
aoproacn  to  the  coding  of  the  entire  powering-rel ated  accident  sample. 

2.0  DEFINITION  OF  A  POWERING-RF'.ATED  ACCIDENT 

~he  important  first  step  in  the  powering  project  was  to  define  a  powering- 
related  accident.  This  task  was  complicated  by  the  fact  that  powering- 
related  accidents  occur  in  many,  if  not  all,  of  the  common  accident  types 
le.g.,  collisions,  falls  overboard,  capsizings,  etc.). 

As  a  start  toward  the  definition  of  powering-related  accidents,  a  list 
of  situations  wnicn  were  significantly  or  tangentially  related  to  powering 
was  race.  This  list  is  snown  below: 

i i cn i * i can t 1 v  Dowerina-Rel ated 


.  'nose  accidents  wnere  tne  operator  lost  directional  control  oT"  the 
vessel  while  it  was  underway  and  under  power. 

'nose  accidents  where  the  boat  did  not  respond  to  tne  helm  as  the 
coe-ator  intended  wnile  it  was  under  power. 

'rose  accidents  wnere  persons  fell  overboard  or  the  boat  capsized  or 
Swamped  during  a  maneuver. 

'nose  accidents  where  the  boat  capsized  or  swamped  and  indications 
exist  that  its  seaworthiness  had  been  degraded  by  the  speed  at  which 
•t  was  coerating. 

'hose  accidents  where  a  sudden  application  of  thrust  initiated  the 

ac  icent . 

"rose  accidents  where  the  vessel's  kinetic  energy  contributed  signifi¬ 
cantly  *  i  tne  severity  of  tne  accident  and  no  other  viable  regulatory 
■iburoacn  apoears  to  exist. 

inr°rt  •  a  ' '  /  Ar-,wg--i  nn-Pgj  atec 

'hc:e  accidents  wnere  Kinetic  energy  was  a  ractor  but  other  viable 
regulatory  accroaches  exist. 

'nose  accidents  involving  a  material  or  subsystem  failure. 

'rns^  accdents  wnere  tne  operator  was  unable  to  detect  an  obiect. 
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and  a  collision  occurred,  due  to  visibility  problems  involving  the 
vessel's  trim  or  heel  angle. 

A.  Those  accidents  wnere  the  operator  was  impaired  by  powering-related 
stressors. 

Not  Powering-Related 
All  others. 


Initial  Sorting  of  the  1975  Accidents 


Through  consultations  with  the  Coast  Guard  and  further  analysis  of  the 
problem,  a  decision  tree  was  developed  for  the  sorting  of  the  1975  boating 
accidents  reported  to  the  Coast  Guard  into  the  potentially  powering-related 
accidents  and  all  others.  This  tree  is  shown  in  Figure  1.  It  rejects 
a  large  number  of  accidents  at  the  top  of  the  tree  that  are  not  powering- 
related  (those  involving  boats  that  were  not  powered  or  were  not  underway, 
etc.).  The  later  decisions  in  the  tree  involve  the  accident  mechanisms 
ana  tne  involvement  of  speed,  power,  and  thrust  in  those  mechanisms. 

"his  tree  was  used  to  perform  an  initial  sort  of  the  1975  accident  data, 
and  to  select  the  potentially  powering-related  accidents  from  those  data. 


In  order  to  minimize  the  number  of  accidents  to  be  read  and  sorted,  the 
Coast  Guard's  computerized  data  system  was  used  to  cull  those  accidents 
which  were  easily  eliminated  from  consideration.  If  the  coat  had  no 
enc*ne,  or  horsepower  was  unknown,  or  (in  seme  cases)  tne  boat  was  not 
underway,  tnen  the  computer  could  eliminate  these  accidents  from  consider¬ 
ation  Quickly. 


«yle  personnel  applied  the  decision  tree  shewn  in  Figure  I  to  the  accidents 
tnat  survived  the  computer  sort.  A  sample  of  approximately  1200  acciaents 
were  'accepted"  from  the  initial  population  (before  the  computer  sort)  of 
approximate! y  6CC0  resorted  cases.  Records  were  kept  of  the  number  of 
accdents  accepted/ rejected  at  each  nede. 


owerinq-P.el  ated  Accident 


•ry  v 


i  »  T 


2.2  "he  Final  Definition  cf  a  F 

Upon  further  analysis  and  consultation  with  USCG  personnel,  it  was  deeded 
that  the  definition  of  a  powering-related  accident  needed  further  refine¬ 
ment  ;  i.e.,  the  sample  needed  to  be  reduced  further,  particularly  in  the 
areas  of  collisions  and  loading-related  accidents  where  the  involvement 
of  cowering  was  tangential  or  secondary  in  nature. 

The  result  of  the  further  analysis  was  the  final  definition  of  a  powering- 
related  accident.  The  final  decision  tree  is  shown  in  Figure  2.  Any 
accident  which  is  processed  to  an  "accept"  node  in  this  decision  tree 
is  considered  a  powering-related  accident. 

The  differences  between  Figure  1  and  Figure  2  are  subtle.  The  first  four 
decisions  in  the  tree  are  not  different.  On  the  non-collision  branch 
fnoae  13  and  below),  the  change  in  Figure  2  was  the  addition  of  the  top 
decision  in  that  branch.  This  was  inserted  to  reject  those  accidents 
where  underpowermg  may  have  been  a  significant  causal  *actcr,  and  other 
accidents  that  were  not  related  to  overpower' ng.  Note  that  accidents 
involving  boats  operating  at  less  than  naif  throttle  can_  be  included  in 
the  sample,  but  only  if  tneir  norsepawer  Per  foot  of  boat  length  ratio 
■s  sign.  Thus,  a  small  boat  with  a  large  engine,  which  coula  experience 
a  powering  problem  at  low  t.nrottle  settings,  j_s  included  in  the  sample; 
i.e  ,  it  can  pe  accaotec. 

For  t.-e  tol  l  con  prancn  of  the  free,  several  oranges  were  mace,  "he 
spnceot  sen  me  t  re  decisions  in  tne  tree  -igure  2  was  to  include  mote 
act 'dents  wnere:  1',  the  operator  theoretical  ly  had  a  chance  to  avoid  tne 
co'lis'cr,  "re  detected  tne  other  beat,  etc.),  and  2)  his  speed  (lacx  of 
1 1 -e  '■  precluded  me  execution  of  an  effect ive  avoidance  maneuver.  Cases 
.mem  me  ooerator  lost  control  of  the  coat  are  still  accented.  Cases 
*nevr  :ne  js^ect  o*  fie  collision  was  not  detected,  or  tne  operator  did 
net  ••esoerc  in  time  oecause  of  alconol  or  other  stressors,  or  wnere  me 
env' moment  i waterway,  etc.)  precluded  avoidance  were  coll 'S'ons  wrier 
tne  dec. s- on  mee  -ejected.  If  sncu'.d  oe  noted  tnat  tne  decision  tree 
i  'cws  'or  some  engineering  judgment  in  rases  where  tne  decisions  tan 
:e  s.rmited  out  are  rot  d’ recti y  xnown. 
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This  decision  tree  (Figure  2)  was  usee  to  code  the  node  of  acceptance 
'•'or  tne  20  accidents  in  the  PRAM  evaluation  sample  (see  next  section)  and 
will  be  used  prior  to  and  during  the  coding  of  all  accidents  reviewed  by 
the  analysts  for  PRAM. 

2.3  Accident  Scenarios  Which  Would  3e  Accepted 

Example  scenarios  have  been  developed  for  each  of  the  "accept"  nodes 
in  che  decision  tree  (Figure  2).  These  are  listed  below  in  order  to 
illustrate  the  meanings  of  each  of  the  decisions  in  the  tree.  The  examples 
are  not  intended  to  be  all-inclusive  but  illustrative. 

NODE  5:  A  motorboat  was  proceeding  at  a  fast  rate  of  speed.  While 
attempting  to  pass  a  boat  wnich  it  was  overtaking  it  nit  the  wake  of 
tne  other  ooat,  causing  -tne  overtaking  boat  to  go  out  of  control  and 
strixe  the  boat  that  was  being  overtaken. 

NODE  3:  A  boat  enters  a  marina  area  at  3/4  throttle.  While  pro¬ 
ceeding  past  several  decked  boats,  the  operator  notices  one  vessel 
backing  out  of  its  dock,  directly  in  his  path.  3efcre  he  can  react 
to  tne  situation,  the  collision  occurs. 

NODE  12:  A  motorboat  was  proceeding  up  a  river  at  a  fast  rate  of 
speed.  As  'C  -funded  a  bend  in  one  river,  the  operator  noticed  another 
ooat  leading  cowards  n*m.  Sotn  boacs  attempted  to  turn  away  from 
tne  intending  collision,  out  could  not.  The  boats  collided  as  tne 
turns  were  being  executed. 

NODE  .A;  An  operator  is  oroceeoing  up  a  narrow  waterway  at  nign 
soeeo.  he  rounds  a  oend  and  finds  a  boat  in  his  path.  In  turning 
to  avoid  tne  otner  boat,  he  loses  control  anc  capsizes.  One  occu- 
oanc  crowns  or  extensive  prooerty  damage  occurs. 

NODE  'a:  An  ooerator  apolies  fuT  tnrott'e  sudcenly  while  a  passen- 
:e'-  snifting  *>om  one  seat  *10  anothe*".  The  passenger  falls  over¬ 
board  and  drowns  before  tee  ooerator  can  ft  urn  to  picx  him  up. 

NODE  '6.  An,  operator  is  oroceeding  at  nigh  speed  across  a  lake. 

*ie  nits  a  wove  and  loses  control  of  tne  boat,  wnicn  goes  into 
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"dynamic  instability"  and  capsizes.  One  occupant  drowns  either  due 
to  "sudden  drowning,"  being  a  non-swimmer,  or  being  hit  on  the  head 
during  the  capsizing. 

NODE  17:  A  boat  proceeding  at  high  speed  encounters  a  large  wave 
whicn  enters  over  the  bow  and  swamps  „.ie  boat.  One  or  more  occupants 
drown  prior  tc  rescue. 

NODE  1£:  A  boat  is  on  plane,  and  while  it  is  traversing  a  large 
wave  at  an  angle,  one  passenger  is  knocked  down,  causing  a  severe 
neao  injury. 

'.ODE  19:  A  boat  proceeding  at  man  soeed  encounters  a  wave  or  wake 
c r  capsizes  the  boat.  One  or  more  occupants  drown  prior  to  rescue. 

3.0  PRELIMINARY  PRAM 

^cc n  tie  completion  of  tne  sorting  of  the  1975  accidents,  the  powering- 
rel 3tec  accident  model  (PRAM)  was  developed.  This  model  was  designed  to 
Summa-ize  tne  accident  data  in  an  organized  fashion  to  allow  for  the 
i  aent '  *'i  rat  ion  of  powering-related  accident  mechanisms  and  the  evaluation 
o‘  tne  pcte'-'fal  benefits  attributable  to  alternative  powering  regulation 
concepts . 

"nrougo  a  '•eview  of  the  powering  accident  decision  tree  and  the  resulting 
sample  ne  1 2DC  accidents,  as  well  as  several  consultations  with  ubCA 
personnel,  several  <ey  decisions  were  made  as  to  the  content,  form,  and 
purpose  c*  3 RAM.  PRAM  was  built  using  analytical  tecnniques  similar  to 
tnote  jsed  in  previous  successful  data  modeling  efforts  (CAM  -  the  collision 
accident  model,  and  ARM  -  the  accident  recovery  model).  Three  purposes 
we^e  .  sent'  *ied  for  3RAM:  1)  to  summarize/crganize  powering-related 
a c c  'tent  data  and  provide  scenarios  of  common  powering-rel ated  accidents, 

1  to  denf.  'y  the  dominant  mecnanisms  of  these  accidents,  and  3)  to 
crav'd, 3  statistics  and  probabilities  on  all  relevant  factors  and  combi¬ 
nations  of  ‘actors  in  these  accidents  in  order  to  facilitate  the  estima- 
t i on  n*  DCtential  benefits  attributable  to  alternative  oowerinq  regulation 
concepts,  in  reviewing  tne  accident  c.ata  and  purposes  of  3  RAM,  it  was 
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determined  that  sequential  depend*. no 'es  in  powering-related  accidents 
would  be  difficult  to  identify,  if  trtey  were  present.  This  suggested 
that  PRAM  snould  be  a  matrix-like  mode',  concentrating  on  the  conditions 
surrounding  the  powering-rel ated  accidents  and  their  interrelationships, 
rather  than  upon  sequential  dependencies  (a  more  trea-Hfce'  approach).'' 
Thus ,  r>om  the  outset,  PRAM  was  conceived  as  a  model  with  many  variables 
codec  as  separate  entities  and  relationships  indicated  by  the  ability 
to  organize  tne  data  in  many  ways.  This  approach  allows  PRAM  to  be 
flexible  in  tne  ways  that  information  can  be  categorized,  which  should 
prove  to  Pe  beneficial  when  the  benefit  estimations  are  performed. 

After  additional  analysis  of  the  accident  data  and  further  consultations 
wit.o  JSCo  personnel,  a  preliminary  PRAM  (including  coding  instructions) 
*as  designed.  This  model  included  information  in  each  of  the  following 
areas : 


Acc'dent  Identification  Number 
.o<;er  (wyle  analyst) 

State 
Men  tn 
Year 

Time  'of  tne  accident) 

Boat  Type 
Boat  .ergt.n 

20d*  •'t '  : C  t 
-«i; '  I  n  a  T  £ 

'ear  '^nu-'act  .re  of  tne  ocat 
*/ce  t*  3 Owe'" 
so d /  o*  water 
wa  *  e  '•  Son:-,  t'ons 


Speed  (at  the  time  of  accident) 
"rim  Tabs?  (yes  or  no) 

Motorwell?  (yes  or  no) 

Helm  vocation 
Type  of  Steering  Controls 
"ype  of  Throttle  Controls 
Type  of  Propel ler 
Motor  Manufacturer 
Horsepower  (in  use) 

Motor  'weignt 
Maximum  Fng’ine  RPM 
Peop'e  on  3oaro 

Activity  'at  tne  time  of  accident) 
''’■itec  Hcrceoov.e 


-  e:a- 
"e-ice 

y  ’ .  So ' ‘ , 
n  '<  o  . 

"0 * 


ties*  two  aeproacnes  to  acci dent  let: 


-  0  jVi  •  ’  r>  c  O' 

-  * '  n  n  •  ’*  ■  :  *'  5  ~  t  -T  'l .  "  ‘i~'7e 


rr'r  , 


.’6?  V  ’  "  9  S  ?  9  $  9  3  ' 


~cce 

c.  ^9  *  , 


J;  ,  - 

vr' 


/pm  p  j  *  -  'A 


z  y 


■er . 


e:  .  ,  -eoort  to  j  *or 
??6,  cages  to  ’-32;  anc. 
p  i<"co  :ry---*a  re  ^esearc*,  Interim  Report , 
i"t  to  SjSCG  *cr  contract  he. 
.  -aces  S-S7. 


Visibility 

Wind 

Number  of  Survivors 

Rated  Weight  of  People  on  Board 

Rated  Total  Weight 

Rated  Motor  Weight 

Number  of  Fatalities 

Powering  Ratios:  HP 

1/10  ft. 

Operator  Ski  1 1 /Experience 

HP 

10  lb.  Boat  Wt. 

Operator  Fatigue/Stress 

HP 

10  lb.  Total  Wt 

Wei gnt  of  Gear  on  Board 

HP 

Rated  HP 

Course  Tree  (a  decision  tree  to  code  information  on  course  changes  prior 
to  and  during  the  accident). 


“Cwering  Behavior  Tree  (a  decision  tree  to  code  information  on  throttle 

settings  used  prior  to  and  during  the  accident). 

Load  Distribution  Tree  (a  decision  tree  to  code  information  about  possible 

loading  problems  and  the  engine's  involvement  in 
them) . 

■<oae  of  Acceptance  [the  node  in  Figure  2  whicn  was  the  "accept"  node  for 

this  accident). 

'?:$  information  was  to  be  coded  using  the  computer  coding  sheet  shown  in 
Figure  3.  Instructions  for  tne  proper  ways  to  code  each  of  these  variables 
30  ce  found  in  tne  PRAM  Analyst's  Guide  (Appendix  A).  This  guide  includes 
-.v  ng- rel  uted  accident  decision  tree,  a  copy  of  the  cooing  sheet, 

ant  tatjiied  instructions  on  the  coding  of  each  variable.  ~he  version  of 
pspy  coat  ’ s  founc  in  Appendix  A  was  used  in  the  trial  coding  of  _0  powering- 
>•»;  a  tec  acc  'dents. 


4.0  CODING  Of  20  ACCIDENT  CAMPLE 

a  t - : a  1  sample  of  CO  powermq-rel ateo  acciGents  was  processed  through  tne 
- ,-h '  : •  oar .  3FAy  in  o'-der  to  test  the  approorlateness  of  the  mode i .  K 
„a.:  a-,*.  •,  cioated  *r,ac  the  preliminary  °RAM  would  need  to  be  refined  in  order 
c.  * ne  accident  cata.  Some  variables  may  have  requested  information 

coat  was  simply  unavailanle  in  the  data  base.  The  sample  of  20  accidents 
was  processed  in  o rocr  to  identify  tncse  areas  wnere  PRAM  snould  be  revised 


Results  or*  the  coding  of  tnese  20  accidents  are  reported  below,  and  their 
imp; ic3tions  for  PRAM  are  outlined  in  the  next  section  (5.0  Tne  Powering- 
Related  Accident  Model). 

Preliminary  PRAM  Results 


Number  of  Accidents  Coded: 

20 

Computer 

Col umn(s ) 

Variable 

• 

35-  36 

States: 

A1 abama 

1 

New  York 

a 

Arizona 

1 

1 

North  Carolina 

3 

Illinois 

1 

Oregon 

2 

• 

Indiana 

1 

Pennsyl vania 

2 

Iowa 

1 

Tennessee 

1 

Massachusetts 

1 

Virginia 

2 

PT-C8 

Months : 

March  I 

April  1 

May  1 

June  3 

July  5 

August  6 

September  3 

• 

• 

n- 12 

Year: 

20  from  1975 

:  3-14 

Time: 

00:01-03:00 

0 

12:01-15:00  3 

• 

03:01-06:00 

1 

15:01-18:00  7 

06:01-09:00 

0 

18:01-21:00  3 

09:01-12:00 

1 

21:01-24:00  0 

• 

Accioent 

Type: 

Col  1 lsions 

17 

Struck  by  Boat 

or  Prop.  1 

Falls  Overboard 


3oat  Type: 


Open  Power  19 


Cabin  Cruiser  1 


Variabl e 


Computer 
lo ]  ur.n '  s  ’ 

'7-13 


19 


20 


Scat  Length: 


U  ft.  12 

15  ft.  1 

16  ft.  4 

3oat  Width: 

0-3  ft.  1 
4  ft .  8 

5 'ft.  3 


17  ft.  1 

18  ft.  2 


6  ft.  1 
unknown  7 


J|j' I  Shape:  20  Unknown 

Year  or  Manufacture: 

1 359-53 
1 964-58 
1969-73 
u  n  Know  p. 

"-•’.•e  D:wer:  3C 


7 

/ 

3 


*V* 

-  -1  -  ^ '  J  . !  U I . 

‘JnKr.own,  but  'ncreasmg  4 
Jn Known  15 

?r  :  the  beat  nave  trim  taos?  20  unknown 

:  t  e  boar  nave  a  ■notor"we' 1  ?  20  ur Known 

-e  n  .tcuficr :  33  „n*ocwr, 


teen-  nc 


ir.ro 


;n<ncwn 


7 n^ott'* e/s^i  rt  Control  Levers:  20  unknown 
ype  oT  Controls:  2C  umcnown 


Cype  of  Propeller:  20  unknown 
Motor  Manufacturer: 


Mercury  3 

Chrysler  1 

Johnson  2 

Unknown  9 

Ev in  rude  4 

Other  1 

Horsepower : 

0-  30  5 

91-120  1 

31-60  6 

121-150  1 

61-90  7 

1 51+  0 

Motor  Heignt: 

36-1 0C  Its. 

* 

ISC*-  lbs. 

7 

.inr.nowr 

va». :rrur  Enc'.ne  PPM- 

rr.nn 

-  UO 

,  _  ^ 

*bv>u 

*- 

un <nown  1 

5 

1,  ,.rse:  3 :  c  ooerato**  a 

cteTpt  to  c-.arge  course’ 

,r<nowr  0 

'-0 

_  3  » 

3'C  operator  lose  control? 

ves  7  -  ■  - 

^css  r*  control  oue 

co  si  4"’*'Cj1  t  a 


manue 


Variable  Name  Descries; . 


rc  uoair.g  Instructions 


Er,ter  tne  last  two  digits  of  tne  year  in  wr. ■ 
occurrec . 


tne  accident 


'ine  Code  tne  two  digits  (in  military  time;  i.e.,  CO-24  r.curs) 

corresponding  to  the  time,  to  tne  nearest  nour,  that  tne 
accident  began.  Code  tne  time  of  tne  capsiz'ng,  for  example, 
wnen  a  ooat  caosizes  anc  tne  people  are  not  recovered  for 
lu  nours. 

Accident  "ype  Coue  tne  primary  (first'  accident  type.  For  example,  if  tnere 
is  a  collision  causing  someone  to  fall  out  of  the  boat,  all 
people  on  board  are  coded  as  victims  of  a  collision,  not  a 
falls  overocarc.  Similarly,  if  a  personfalls  out  of  a  johnooai 
causing  it  to  caps'ze,  throwing  a  second  person  into  the 
water,  tcth  victims  are  cooed  as  falls  overboard,  since  that 
was  tne  primary  cause  of  the  accident.  Occassionally  more 
than  one  accident  Happens  consecutively  in  time.  A  person 
might  ral'  overboard,  anc  a  second  person  (coming  to  his  aid': 
mi gnt  oe  strucx  p y  tne  boat  or  prop.  ”0656  two  incidents 
would  Pest  Pe  codec  as  separate  accidents.  ~hese  types  o~ 
accidents  w'l’  require  judgment,  and  otner  analysts  should 
ce  consul  tec  if  there  is  any  couot. 

=  to'.'  '  sic.ns/grouncings 
2  *  swampings 'capsizincs/flcodings/sinxincs 
2  *  fires  arc  explosions 
a  =  fa”  s  overocarc/ fa  1 1  s  wit.nin  tne  ooat 
5  -  st-uCx  oy  ocat  or  propeller 


rca:  /pe 


Code  tne  single  digit  mat  cor-asocnds  to  tne  best  oescribt*; 
of  tne  ooat  involved. 

=  ‘•'in  oer-- r-rarce  ooat 
2  -  ooer  uowe rue as 


-  -  auxi  *a-y  sa- 
?  -  car.ee  pc were 


:•  =  j.r.er 

lode  t~e  ‘  en.:t“  "  tne  coat  a/  a  two  d'c't  number  measured  t; 
*re  nea  *est  *ot‘  .  r:-'  a  '  a-::  -  cents ,  ooce  "oca:  data" 

:re  aoo-r.  -  as.  mat  -or  ‘alls  ove^doa-c.  tr.i  s  wcu'  c  oe  tne 
ocas  tnas  see  •,  •  cs-.r  '  e*t .  •d""  -it  oy  one  ocas  or  crop,  f'S 
wCc  s  Se  t*e  csss  “as  sic  tne  'itt'ng. 


ce  see  ore  s's'i  durr.ee'"  teas  tor — esserds  sc  See  occi 


•  a  a  .k-»r .  w 


rciSurec  tc  tre  nearest  *oct 


=  jr.rncwr 


-"..AM  .Coding  Instructions 

Once  you  nave  decided  tha-  .  ider.t  is  acceotabie  for  ? RAM, 
row  on  tne  coding  sneet  comp.  =  for  tnat  accident  using  one 
•ructions. 


umn(s)  Variable  Name  Description  rd  Coding  Instructions 


01  Accident  4 
02 

03 


This  is  the  number  of  tne  accident  in  our  sample.  It  is 
used  to  identify  the  accident  in  case  we  should  ever  need 
to  refer  to  it  again.  The  first  accident  coded  into  PRAM 
will  ;e  ,:0QV;  ana  the  next  will  be  "002 ,  "etc . ,  until  all 
of  th.:  uOpropr'ate  accidents  have  been  coded.  Eacn  time 
an  acceptable  accident  is  found,  it  snould  have  the 
next  secuentidl  accident  number  written  on  it  in  bold 
blacx  orintir.g. 


04  Coded  3y 


The  analyst  who  codes  each  particular  accident  should 
enter  ms  personal  one  digit  code  here.  Codes  are: 


0 r  Marx  Perry 
Is  St-art  Burnell 
2=  Benny  Sm'th 
2=  Chris  Stienl 


4=»  Bob  White 
5*  Jack  Bowman 
5*  Olivia  Corner 
7*  Nona  Whatley 


team 


Enter  tr.r-  appropriate  two  digit  code  'cr  the  state  where 
tne  accident  occurred,  according  to  tne  list  below: 


Alabama 

A .  a  s  k  a 

02 

Arizona 

04 

A  r  K a  f'i  So  a  t 

la’  :  **ornia 

06 

Col orado 

08 

Colorado  In 

Connecticut 

05 

Cel  aware 

10 

- 1  s t .  z  ~  jC  i  u rn 0  i  d 

-" erica 

12 

Georgia 

13 

fawa '  ' 

lea  no 

1 6 

ri  incis 

17 

Indiana 

.  0W3 

19 

Kansas 

20 

<entuCK.v  O' 

C no : si  ana 

00 

fame 

23 

'A%  ''■/  ’  urC 

Massachusetts 

25 

Michigan 

26 

v: 'peseta  0 

Mississippi 

23 

Mi sscuri 

29 

c.  •  .  .1  --  1  • 

•>*as<a 

p] 

Nevada 

32 

'.ew  -mosm.  ^e  13 

Nr.'W  J***’  b6V 

34 

New  vex i co 

35 

N  '  T<  uC 

\crtn  Carolina 

2  7 

icr”1  Dakota 

38 

'  i  '  j 

Ok 1  aroma 

•1  0 
— 'V 

y  $<'cn 

41 

•:  / ’  /am  a  At 

Proce  Is’ano 

da 

mum  Carolina 

45 

.■nutn  Da  rota  -c 

"ernassee 

'a  as 

48 

4  1 

7  *  n  *; 

-  t> 

'  i  *m  n  i  a 

51 

was*'  'dtp'’  a  . 

west  7-rgmia 

w  •  scons  m 

Du 

,wc.rn  v;  tc 

-m  :er  me 

j  z 

m* m"  ate  m,ic 

mm:  tree 

mr  t.v  month 

wnen  : 

fj  n  •;  • 

-_r 

c>  y  3  •  .  ^  U 

2  r  ■/ ,  c .  , 

'  j'.pr  [^0  r 

NC~E: 

,  __  _ 

^ 

,  ,  ,r. 

f\  . 

_  *  .  D.  -  *  **  ^  -  Z. 

J  ,  uu-D  ■  •  • 

,  ,  .  w  1  -  1  I-C 

*"  ^  »  - 

S  f  T  n  *-  . 

Ente"  me 

- 

cm  cm  me  two 

dim:  tree 

*cr  : re  day  c* 

the 

accident 

- 

*t.ne  1st  o*  tne  month,  et 

; . /  Don  1 t  fore 

et  the 

ibbl  •  table  variable-, 
uses  not  mr-esem :  a  .*. 

*,  ' 

-rvr.o wn  as  3, 

..  wn  . 

o «*l ,  or  .'cc  . 

-or  some  of 

the 

/ 


APPENDIX  A 


P.R.A.M.*  ANALYST'S  GUIDE  • 

uune  1 977 
USCG  61700 

C.  Christian  Stiehl  • 

(*  an  abbreciation  for  Powering-Related  Accident  Model) 

The  pages  tnat  follow  contain  much  of  the  information  you  will  need  to 
analyze  accidents  for  PRAM  and  fill  out  the  code  sheets. 

The  first  page  has  a  decision  tree  that  you  should  use  to  decide  whether 
an  accident  should  be  cooed  in  PRAM  or  not.  Whatever  your  decision  may  be, 

you  should  write  "rejected  at  node  _ "  or  "accepted  at  node  _ "  on  the  • 

f*"ont  of  the  BAR.  If  the  accident  was  rejected,  set  it  aside.  If  the 
accident  was  accepted,  then  continue  coding  tne  information  for  that  accident 
until  tne  coding  has  been  completed. 

Succeeding  pages  snow  you  exactly  now  to  code  all  of  the  information  required  # 

o y  3RAM.  A  '•qw  on  the  coding  sheet  is  to  be  filled  out  for  each  accident 
coded  into  2RAM.  ‘he  first  page  of  tn-'s  section  is  a  reduced  samole  coding 
sneet  f"o r  PRAM. 

’he  ’as*  couple  of  sages  snow  the  duality  assurance  procedures  for  PRAM. 

’rese  snc.i’  i  be  '•ead  ana  understood  before  coding  begins. 


project  leaders,  and  3)  has  all  tne  necessary  information  to  do  his 
job.  It  should  also  be  noted  that  ail  accidents  (BARs)  are  retained, 
including  those  that  are  not  accepted  Dy  the  powering-related  accident 
decision  tree.  The  rejectee  accident  reports  are  retained,  and  the  node 
of  rejection  is  recorded.  This  is  done  so  that  particular  kinds  of 
accidents  may  be  used  in  future  comparisons  with  PRAM  data,  and  so  that 
an  overall  comparison  of  powering-related  accidents  to  other  kinds  of 
accidents  can  be  made.  PRAM  will  have  many  uses,  even  beyond  those 
described  in  this  technical  brief.  The  major  conclusion  of  this  phase 
of  the  powering  project  is  that  a  viaole  Powering-Related  Accident  Model 
nas  been  constructed  and  modified  through  engineering  judgment  and  test 
on  tne  data.  Once  the  approval  of  the  Coast  Guard  is  obtained,  PRAM  will 
oe  complete  and  the  coding  of  the  overall  sample  will  commence. 


The  motor-well  and  steering  cont.-pi  coding  instructions  will  be  changed 
to  allow  the  judgment  of  the  analysts  to  be  used.  For  example.it  is 
unlikely  that  a  twelve  foot  johnboat  has  a  motor-well .  Similarly,  it 
is  very  likely  that  the  steering  controls  for  an  outboard  of  over  50  HP 
will  be  remote.  The  new  codings  will  be: 


Code 


Did  the  boat  have  a  motor-well?  0  3  Mo  1  =  Yes 

2  a  Unknown,  but  pretty  sure 
''No" 

3  3  Unknown,  but  pretty  sure 
•■Yes" 

8  ■  Unknown 

Steering  Controls  Code  the  Appropriate  One-digit  Code 
0  =  Controlled  from  engine 

1  =  Remote  Steering  Wheel  (push-pull  type  of  connection) 

2  =  Remote  Steering  Wheel  (other) 

3  -  Tiller 

A  =  Other 

:  r  Unknown,  but  pretty  sure  "demote" 

o  =  inxnown,  but  pretty  sure  "Controlled  from  engine" 

5  3  Jnxnown 

"ma’ly.  'ill  accidents  involving  more  than  one  boat,  wherein  mere  than 
one  boat  will  be  processed  through  PRAM,  will  be  numbered  scarfing  from 
3CC.  All  ot.ner  accidents  coded  into  PRAM  will  be  numbered  :r om  001. 

"nese  Changes  and  amendments  will  be  incorporated  into  t.ne  PRAM  Analyst's 
Suite  ! see  Appendix  Al.  Upon  the  approval  of  tne  final  version  of  PRAM 
by  tne  Coast  Suard,  t.ne  coding  of  tne  entire  data  base  of  poweri ng-rei ated 
accidents  will  oroceeu. 

’he  gual'ty  assurance  orocedures  for  tne  PRAM  coding  can  oe  found  at  the 
end  of  the  PRAM  Analyst's  Suide  (Apoendix  A).  Briefly,  these  procedures 
assure  that  tne  analyst:  11  is  wel '.-trained,  2)  is  checked  by  qualified 


Gpeec  (Column  22/  now  has  tne  following  codes: 


0  =  3-1 C  miles  per  hour 

1  =  11-20  mpn 

2  =  21-30  mpn 
3=31 -40  mpn 
4=41 -50  mph 
5=51 -60  mph 

5  =  greater  than  60  mpn 
7  =  unknown,  but  increasing  speed 

3  =  unknown 

9  =  unknown,  but  decreasing  speed 

One  instructions  for  coding  the  motor  weight  capacity  have  been  revised  to  include 
representative  weiqnts  for  outboards  that  are  given  in  the  Coast  Guard's  level 
flotation  test  procedures.  The  analysts  will  be  instructed  to  code  the  motor  weight 
caoacity  as  before,  if  it  is  known.  If  the  motor  weight  capacity  is  unknown,  but 
tne  norseoower  capacity  (outboard)  is  known,  then  the  following  codes  will  be  used: 


^rsepower  Capacity 

Motor  weight  Capacity 

Code 

25 

03 

2.1  to  3.9 

35 

04 

4.C  to  7.0 

55 

06 

7.1  to  15.0 

75 

08 

15.1  to  25 

100 

10 

25. 1  to  45 

155 

16 

45.1  to  80 

240 

24 

30.1  to  1 5C 

135 

32 

150  '  to  250 

420 

42 

Tne  instructions  fo-  coding  tne  motor  weignt  nave  also  been  revised.  Tne  new  codes 
a-e  as  :\v I  owe  'engines  weighing  87  lbs.  or  less  are  coded  as  before,  see  Appendix  A) 

ncwn 

52-1 '0  pojnas 
130- 150  pounat 
i 2 jG  pounds 

*jOur,G j 

25-3- 3GC  bounds 
G3G-35C  pounds 
greater  than  350  pounds 


2 
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New  coding  procedures  have  been  developed  for  these  two  variables.  If  the 
new  procedures  do  not  result  in  fewer  unknowns,  then  these  two  variables 
may  be  deleted  in  the  future. 

“he  objectives  for  this  project  incluae  not  only  the  evaluation  of  the  present 
powering  standard,  but  also  the  evaluation  of  alternative  concepts.  This  is 
why  several  powering  ratios  are  included  in  PRAM.  One  may  prove  to  be  a 
more  predictive  indicator  of  the  potential  for  a  powering- related  accident 
tnan  tne  others.  All  powering  ratios  will  be  calculated  (all  listed  in  the 
preliminary  PRAM)  for  each  accident  by  the  computer,  when  the  relevant 
information  is  available.  Thus,  the  ratios  will  no  longer  be  calculated  or 
cooed  by  tne  accident  analysts. 

Transom  height  and  maximum  transom  width  were  considered  as  variables 
which  could  be  added  to  PRAM.  However,  a  quick  inspection  of  the  20  sample 
accidents  revealed  that  these  variables  would  be  unknown  in  all  cases.  Also, 
the  numoer  of  engines  in  use  at  the  time  of  the  accident  will  be  added  to  PRAM. 

Tne  coding  of  speec  will  be  changed  to  allow  incrementing  the  speed  by  10 

mpr,  up  to  60  mpn.  The  coding  of  motor  weights  will  be  revised  to  agree 
witn  current  standardized  criteria  by  norsepower;  i.e.,  150  HP  *  310  lb. 

'■-e  course  variable  tree  will  be  revised  to  include  information  as  to 
wny  tne  operator  lest  control  of  tne  beat.  Finally,  accidents  involving 
-me  re  Thai!  one  boat,  when  two  (or  more,  of  these  boats  will  be  included  in 

wl:  j  numbered  in  a  special  way.  The  specific  coding  changes  are 

3  r,  oelow. 

■loanees  in  3RAM  Coding 

j- nee  several  variables  nave  oeen  deletea  ^rom  the  preliminary  PRAM,  fewer  columns 
of  rne  computer  cocinc  sneet  are  needed  to  code  all  of  the  information.  The  final 
>'RAn*  ocing  sr.eet  is  snown  m  Figure  4  vitn  tne  columns  labeled  appropriately,  nor 
T,;. «. i  o'  :ie  variables  tnat  remain,  from  the  preliminary  PRAM,  the  coding  Instruc¬ 
tor;  a-'e  tne  same  a;  they  were  previously,  noweve*',  some  have  oeen  modified. 

Tne  new  vanaole  of  "Number  of  Engines  In  Use"  (Column  61  on  the  coding  sheet)  is 
cooed  as  follows:  1  1  1  engine  in  use,  2-2  engines  in  jse,  3  =  3  or  more  engines 
in  j s s ,  ,  3  jn Known. 


FORMAL  footing  education 


POWERING  RATIO 

0.5  -  0.60 

None 

3 

Aux. 

2 

Red  Cross 

0 

Other 

0 

Unknown 

0 

(HP/Rated  HP) 

0.7  -  Q.30 

2 

0 

0 

1 

1 

0.9  -  1.00 

2 

0 

0 

0 

0 

1.5  -  1.60 

0 

1 

t 

0 

0 

0 

3.  3  -  3.40 

1 

0 

0 

0 

0 

Unknown 

4 

0 

1 

2 

0 

i nvol vi ng 

associat’ors  between  variables. 

The  next 

section 

will  describe 

the  final 

version  of  PRAM 

,  after 

modifications  suggested  by  the  Coast  Guard 

and  by  the 

processing  of 

the  sample  of  20 

accidents . 

5.0  THE  POWERING-RELATED  ACCIDENT  MODEL 

The  variables  listed  below  were  included  in  the  preliminary  PRAM,  but  little 
or  no  information  was  available  in  the  boating  accident  reports  for  these 

variables: 

null  Shape 
Trim  Taos 
Helm  Location 
"hrott'e/Shift  Levers 
Loao  Distribution 
Fated  Total  *eignt  Capacity 
Fated  Motor  Weignt 
30wermg  Patio  HP/. I  lb.  "otal  Wt 

S'nce  tne  coding  of  information  with  respect  to  these  variables  requires 
time  and  effort  on  tne  part  of  the  analysts,  without  significant  return 
'in  terms  of  usable  information! ,  most  of  them  will  be  deleted  from  the 
final  version  of  PRAM.  Speed,  Rated  Persons  Weight  Capacity,  Rated  Total 
weignt  Capacity,  ana  Rated  Motor  Weight  will  be  retained.  These  variables 
are  if  oarjmount  importance  in  understanding  the  powering  problem,  and  in 
computing  Dowering  ratios.  Also,  the  motorwell  and  steering  control  variables 
will  De  retained,  at  least  'or  tne  coding  of  the  first  one  hundred  accidents. 


Speed 

Motorwell 

Steering  Controls 

Type  of  Propeller 

Fatigue/Stress 

Rateo  Persons  Capacity 

Powering  Ratio:  HP/.rio.  2oat  Wt. 


A- 19 


lonputer 
Id  umn(  s ) 


Variables 


.■  j-  /“ 


Powering  Ratios: 


HP/ 10 

ft.  C.l 

2 

0.5 

0.2 

4 

0.6 

0.3 

3 

1.0 

0.4 

7 

75-76 

HP/.'i  lb.  Boat 

Weight  Unknown 

17 

0.9 

1 

1.0 

1 

1  .2 

1 

1 

77  -  73 

HP/.  1 

Unknown 

18 

0.3 

1 

0.6 

1 

7  ~  m.'" 

/  . ,  \J 

H? / Rated  HP 

Unknown 

7 

C.  5 

-  G.  6 

5 

0.  7 

-  0.8 

4 

0.  ? 

-1.0 

2 

;  ,  J 

-1.6 

1 

3.  3 

-  3.4 

1 

"ne  purpose  of  tnis  section  was  to  present  tne  Dreiiminary  PRAM  ana  snow  the 
-esul'.s  o*'  tie  socmg  of  a  sample  of  20  accidents.  It  is  not  intended  that 
my  -leaning  oe  ascribed  to  the  results  basec  upon  such  a  small  sample,  other 
man  t meaning  in  termis  of  tne  appropriateness  and  usefulness  of  tne  model 
>?s:  tabulations  or.  two  or  more  variables  are  easily  accomplished  using  3RAM. 
•n  e<a"rle  s  sncwr,  below,  using  tne  fourth  powering  ratio  (HP/rated  HP)  ano 
me  operator  -  forma i  hoatirg  education  as  tne  cross -tabulated  variables. 

;uci  a  table  mien:  ce  usee  to  evaluate  tne  effects  of  different  types  of 
matin;  safety  education  on  tne  tendency  to  be  overpowered  (HP/ratea  HP >11 
:nd  ’ r  3  oowermg-re ; aced  accident.  In  tms  manner,  PRAM  can  provide 
■aPulafons  of  cats  that  relate  to  many  questions,  particularly  those 


k 


Computer 

Co*umn( s) 

56-58 

(continued' 


Variable 

Formal  Boating  Education:  none  12 

Auxiliary  Course  3 

Power  Squadron  0 

Red  Cross  1 

State  0 
Other 
More  than  One 
Unknown 


Operator  Fatigue/Stress: 


Unknown 

18 

none  2 

50-61 

Rated  Horsepower: 

• 

Unknown 

•y 

/ 

121  -  150  0 

0  -  30 

1 

151  -  180  1 

s 

31  -  60 

7 

1 

61  -  90 

2 

91  -  120 

6Z -6  3 

Rated  Weignt  Capacity  of  ?06 

:  20  unknown 

4 

• 

5-i-cc 

Rated  Total  Weight 

apacity: 

20  unknown 

67-68 

Rated  Weignt  Capaci ; 

y  of  the 

Motor:  20  unknown 

• 

69-71 

Weight  of  Gear  on  Board  (estimate): 

• 

4 

1000-1 

100 

2 

1101  -  1 

200 

10 

• 

1201  -  1 

300 

5 

• 

1301  -  ' 

4CC 

2 

■ 

1401  -  1 

500 

l 

A- 1 7 


puter 
umn ( s ) 


Variable 
Vision  ity: 


&oob  1 ' 


Wind: 


Light 

Moderate 


Number  of  Recoveries: 


0  -  0 


3  -  8 

4  -  3 


Number  of  Fatalities:  0  -  20  (No  fatalities, 


Node  of  Acceptance: 


5  -  12 


15-1 
18  -  2 


12  -  3 

Operator  Sk ill /Experience : 

With  this  Boat: 


Wit'-  Boats  of  tnis  type: 


under  20  nrs.  3 

20-100  hrs.  3 

100-500  hrs.  3 

unknown  11 
unoer  20  hrs.  A 

20-100  hrs.  3 

100-500  hrs.  2 

over  500  hrs .  6 

unknown  5 


A  -io 


Computer 
Co 1 umn ( s ) 


Variables 


41-42 


43-4J 


4:-46 


Powering  Behavior:  Did  the  operator  change  the  throttle? 

Unknown  13 

No  3  Final  throttle  setting  was.. unknown  3 

r  Operator  increased  power,  final 
{  throttle  setting  was. . .unknown  2 

Yes  4  |  high  1 

I 

i  Operator  decreased  power,  final 
^  throttle  setting  was. . .unknown  1 

Load  Di stri bution :  20  unknown 


People  on  Board: 

1- 2  3-3 

2- 7  4-3 


Acti vi ty: 

Pleasure  Cruising  13 
Water  Skiing  4 
Docking  1 
Leaving  cock,  getting  underway  2 


DCdy  o  .--a  ^er . 

River,  tree*,  Channel  10 
Lake,  Swamp 

Bay,  Inlet,  Harbor  2 

Unknown 


Water  Conditions: 

Calm 


Chcpoy/Pougn  8 


7a  made  ';arv 

Inscription  and  Coding  Instructions 

-ul '  S'naoe 

Cede  tne  one  diait  trat  test  corresponds  *• 

t  toe  of 

tne  ocat  s  hull, 

using  tne  figure  os'.  .  . 

0 

■  Deeo  V  '?  orea.er  iff 

*  3.  - 

1  T  ransom 

1/ 

1 

*  Semi  7  (?  iess  t.nan  IS5 

i 

j 

A 

2 

=  Cat.nedra'  or  tri-nu'I 

3  1 

3 

=  Flatoottom 

1 

=  F.curdPottcm 

35  Otner 

5 

=  unknown 

'ear  of 

Ccce  one  ias: 

twe 

■digits  of  tne  year  t.nat  t 

ne  coat  was 

yar ufacture 

manufactured; 

moael  year; . 

Z  T  ZC  d  Z  i 

"foe  ?ower 

Ccoe  ore  dig'i 

1  corresponding  to  fe  type  of 

power  in  use. 

3  *  Ctn.er 

1  = 

Outboard  2  a  I/O 

3  =  Incoard 

iZ^'z'Z 

Coce  ore  c  f  ' 

:  wn 

icn  test  corresponds  to  wnat  is  known  acout 

fe  co-at  ,  feed. 

I  =*  '  - 0  '  e : 

5  pe 

n  hour  5  =  Cr.  Known,  out 

cheater  tnan  2'omon 

-  *  %  r 

3  -  «.r Known,  out 

reducina  speed 

2  3  22-2  n 

7  *  .'n<r.cwn,  cut 

increasing  soeed 

*  s  ^  p-(  r> 

3  1  .r known 

d  -  o-s-i  .e’'  tr.an 

-union  -  “*  «» n ic p v,. ^  ^  < 

crarcing  soeed 

: ■ :  f  e  oca :  -a 

/e  :  -  •  n 

Code  2  =  ‘io  '  *  'es 

3  -  Jn known 

I-;  tne  oca:  'a 

a  ~c::. r.N-' ' 

7 

Code  C  =  tc  =  /es 

3  =  .n known 

-re 

oe'ow,  ccce  tne  ore  f :  ’  t 

,;o--  cest 

:ef '  :es  :r.e 

scat  ion  o*  tne  "e.n  s  tat  von 

fat  was  ;s  use. 

■  -  r,"  ^  r  -  ' 


Variable  Name  Cescripti si.  and  Cooing  Instructions 

30  T'nrottle/Snift  Code  tne  one  digit  which  best  describes  the  tnrott'e  and 

sni ft  control s . 

0  =  Manual 

1  =  Electric 

2  =  Hycraulic 

3  2  Ctner 

3  2  Jnknowr, 


"Type  of  p’-ooeller  Code  the  one  digit  which  best  describes  the  type  of 
propeller  in  use,  using  the  decision  tree  shown  below. 

If  the  purpose  of  the  crop  is  unknown, 

'  \as  it  nrimarilv  I  tnen  code  the  number  of  blades  and  blade 


•.as  it  nnmari  [  v 
a  Soeed  proo  o1" 
a  Powe*-  Prop 7 

Speed  ?owen  linknowr 


type  ( i f  known ) , 


Was  it... 


'arutaci 


Code  tne  digit  tnat  corresponds  to  the  motor 
Tar.ufact,u,*er . 

0  -  ve'*cu "j  “^arinei Mercrui ser)  3  =  C''ntor,  z<~  McCullocr. 
2  Jonnson  6  2  Es<a 

2  =  Evnr_.de  7  1  Vo'vc  Penta 

3  2  Chrysler  5  2  Cnioown 

-  2  CMC  9  2  Other  (including  Sears,  etc 

Code  I'e  nc'*seoowe,“  o*  tne  engine's'  -r  use.  I*  rc-e  tnan 
er.g-'-e  was  -n  *se,  tnen  code  tne  come i nee  norsepowe’*. 


.oce  tne  -.e'cno  tne  motor  >in  pcurcs  .  Merer ps-  tnat 
*,eans  ^.row r.  -or  t.nis  variable,  codes  ’weights  above  o' 
snail  oe  „sec  as  follows: 


-,o  2  Jr  <ncwn 
sc  =  zt. ■ -r 


c-  counts 

■j  ■  ”  i  Z  w  ^o^nL.3 

reiser  zr.ar,  ’S3  oouncs 


Note:  Code  tne  ccmo -  red 

we ignt  if  mc-e  tnan 
one  encme  was  _,sec 


Column(s)  Variaoie  Name  Description  and  Coding  Instruction. 

28  Maximum  Engine  RPM  Code  t.ne  maximum  engine  rom  as  a  two  digit  numoer 

39  by  determining  the  maximum  engine  ’•om  and  then  dividing  it 

by  100.  Remember  that  "38"  is  unknown.  For  any  maximum 
rom  over  3730,  use  tr.e  following  cooes: 

3701  -  10,000  use  39 
greater  than  10,000,  use  90 


40  Course  Choose  t.ne  approDriate  one  digit  code  from  tne  decision  tree  • 

sncwn  selcw: 


Variao'e  '.are  Description  and  Coding  Instruct- ons 

~u"l  Snace  Coce  fe  fe  digit  that  oest  cor-esooncs  witr.  trie  srace 
tne  scat's  r j 1  i ,  using  the  ficure  oelow. 

C  *  Deeo  v  ;#  greater  tnan  '2', 

1  =  Seri  v  (?  less  tnan  'Ec' 

2  *  Cathedral  or  tri-null 

3  «  Hatoottor 
a  =  KOundbcttorr 

5  3  C'tner 

6  ■  unknown 

vear  of  Cede  tne  last  two  digits  of  tne  year  t.naf  tne  ooat  was 

Manufacture  r.anufact fed'  model  year). 
vcf  ooat; 


■  /ee  of  Power  Coae  one  digit  corresponding  to  the  tyoe  of  power  in  use. 


Outboard 


2  -  Inooa’': 


uoeec 


Coae  one  cigit  wnicr.  best  cor-espcncs  to  wnat  is  known  about 
tne  ooat ' s  soeed. 

•  a  r  ZZ~hr 


r 

■j 

= 

C- 1 o  ni les  oer  hour 

r 

Uncrown , 

out 

greater 

l 

= 

iC-20r.cn 

5 

% 

Lncncwn , 

Out 

redjc' nc 

= 

2C-  CCro.n 

•» 

/ 

s 

un Known , 

out 

increasi 

3 

30- A  Cron 

3 

z 

.n Known 

A 

= 

greats’"  tnan  COirpn 

o 

s 

Uncrown , 

Put 

changing 

nave  fir  tacs? 

Code  0  *  No 

1  = 

Yes 

£  3  Unknown 

nave  a  rotorwe'l? 

Cooe  0  *  No 

i  s 

'es 

2  3  .n crown 

:sir.g  fe  *-gurs  oeow,  code  tne 
cesf-oes  tne  location  of  tne  ne' 

one 

!  T;  $ ' 

*  r*  *i  *• 

ration 

■y'-’Cn  test 

fat  w as  'S  use 

.o:e  -■ 

t re  rr* :  an:  sections 

a '"a  ccce:  as  "ctr-sr.  '* 


1  cure  divides  tne  oca:  into  fines,  anc  z'rzn 


Starboard 

Center 

Dort 


;£  tne  coat  -nto  tf-cs. 

C  =  Forward 

1  =  Ar.iisn*:  srarccarc 

2  a  An  os t- o ■' ce"  te "■ 

3  3  Arr- dsn’ p,  tort 
&  »  A-':/ s ti '•oca -d 
2  =  Aft/  car. tar 

6  3  Aft/  oo -t 

7  •  A-ics-’o,  lateral  :os;' 

un Known 

2  3  uncrown 

3  3  C'tner  -‘ytridte,  ate. 


.  -  J 


Cede  tne  aooroo’-* ate  0"e  digit  cede 

3  Control  '  ec  *»*or.  e,"g;ne 
3  Feme  re  stee^-ng  wnee'  ’  ouf/ou’l  tyoe 
3  Percte  steering  w.neel  icmer' 

a  *  '  ,  '  a  w 

a  2 1  -  e  *" 

-  .r< "cwr 


sr  t ' 


la”’3 


.oce  .  r 


o  a» 


Variable  Name 


Oescri  o 


tier,  and  Coding  Instructions 

if  tne  oot-ratcr  had  50  hours  of  experience  or 

tnis  type,  150  hours  of  experience  on  other  scats,  anc 

hao  nad  no  forma’  coating  safety  courses,  then  ne  would 


De  coaea  "’,20." 

■or  Experience  (botn  types): 

0  =  UnGer  20  nours 

1  *  20-’ CC  nours 

2  3  100-500  hours 

3  *  Over  500  nours 

4  =  Exact  numoer  unknown,  Dut 

operator  is  known  to  nave 
considerable  experience 
8  3  Un xnown 


For  Education: 

0  =  None 

1  =  USCG  Auxiliary  Course 

2  *  Power  Squadron  Course 
2  =  Red  Cross  Course 

4  =  State  Course 

5  =  Otner  Course 

6  3  More  than  one  course 
8  3  Unknown 


Operator  Fatigue/stress  Choose  tne  one  digit  code  from  the  list  that 
best  describes  the  environmental  conditions  to  whicn  the 


operator  nad  been  exposed. 

0  - 

No  known  stressors  5 

3 

Fatiguing  activities 

( swimming , 

1  = 

rign  noise  levels 

etc.)  on  tne  boating 

cuti nc 

2  3 

Tnree  nours  or  more  6 

= 

Fatiguing  activities 

before  tne 

exposure  to  tne  sun. 

boating  outing 

3  = 

some  amount  of  alconol 

7 

3  Otner 

ingested  8 

o 

Unxnowr. 

A  * 

Considerable  snock  &  9 

r 

More  tnar.  one  of  tne 

stressors 

vi oration 

1  i sted  aDGve  in  1-6. 

Rate:  Horsepower 

Ccce  two  digits  corresoonaing  to  tne  rated  norsepower 

oivi 

dec  by  10. 

Rated  weignt  Capacity  of  ?0B  Code  two  cigits  corresponding  to  tne  '-atea 
rated  weight  o*  the  people  on  board  (persons  capacity) 
divided  by  10,  up  to  a  code  of  38.  "88"  is  used  for 

unknown.  "89"  for  this  variable  means  a  persons  capacity 
of  from  ICO!  to  1500  pounds.  "99"  stands  for  not 
appiicaole  (boats  wnich  are  not  rated). 

Rated  "otal  weight  Capacity  Code  three  digits  corresponding  to  tne  rated 
total  weight  capacity  of  the  boat,  aividec  by  1C.  Recall 
that  "383"  stands  T"or  unknown,  and  "999"  nears  net  appli¬ 
cable  (boats  wnicn  are  not  rated).  "389"  is  ^seo  'or 
coats  whose  total  weignt  capacity  exceeds  SECC  pour.es. 

Rated  weignt  Capacity  of  the  Motor  Code  two  digits  corresponding  to  tne 
rated  weignt  o'  tne  motor  divicec  by  1C.  Recall  that 
"38"  stands  for  unknown,  and  "99"  stancs  for  not 
applicable  (I/O,  inooards). 

we’trt  of  3ear  3n  roarc  Code  tne  weignt  o*  tne  gea-  on  ccarc  rVcec  ty 
!C  as  a  tnree  cig-'t  numoer.  Induce  tne  we* ones  c*  a” 

-terns  on  ooarc  otner  tnan  tr.e  oeode  anc  tne  motor.  As 
examples:  'ESTIMATE) 

■u’l  gas  tar.i.  aoorex.  40  lbs.' 

Sma‘1  ;ce  cnes:-*ul'  •?  1 3-25  lcs., 
carge  'ce  cnest-fuil  '?  20-50  lbs.) 

4ncnor  (3  2C  1  os  ; 

Ea  tter;/  '  C5  ‘  os .  1 
Anc.nor  ’  •  arc  ctner  line 
equipment 

-•'sni-c  ecu:  orent/nunf  nc  equipment  anc  eaten 

RFC:  anc  Navi  gad  oral  Aids  comoass,  flashlight,  enacts,  etc. 


A- 34 
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Variaole  'lame 


Description  and  Coding  Instructions 


Code  the  appropriate  digits  for  each  of  four  powering 
ratios  as  snown  below.  For  all  of  the  cowering  ratios 
"38"  is  unknown,  and  "89"  means  a  value" greater  than 

nw. - 

Caae  horsepower  per  0.1  ft  as  a  two  digit  number  where 
the  decimal  point  is  between  the  two  coded  numbers. 

For  example,  a  SG  np  engine  on  a  12  ft  coat  'would  be: 

ry  x  tV  *  0.75  and  gets  coded  "08" 

The  same  engine  on  an  8  ft  boat  would  be  coded  "II". 

The  code  for  horsepower  per  0.1  ft  should  be  written 
in  columns  73  and  74. 

75  Powering  Ratio  *2  Horsepower  per  pound  of  beat  weight  is  coded  in  columns 

76  75  and  76,  wnere  the  horsepower  per  10  pounds  of  beat 

weight.  Code  this  information  as  a  two  digit  number, 
where  a  decimal  point  is  between  tne  two  numbers.  For 
example,  if  a  120  np  engine  were  on  a  cass  boat  which 
weighed  850  pounds  (boat  weight  only),  then: 

^44  x  -r~  *  1.41  which  would  be  coded  “14" 

03<J  I 

Similarly,  •' *  tne  same  engine  were  on  a  boat  wnich  weigned 
15CC  oounds,  it  would  be  coded  "08."  Recall  that  "38"  •- 
used  to  cede  unxnown,  and  "39"  codes  any  number  greater 
than  3.749. 

"7  Powering  Ratio  *3  Horsepower  per  total  boat  weight  ana  gear 'engine/ oeocl e 

n,l  weignt  is  coaed  in  columns  77  ana  73.  Code  this  informs  van 

by  dividing  the  horsepower  by  tne  total  toat-etc.  we’gnt 
and  Tiu'tipl/ing  oy  10.  For  examcle,  ‘or  the  12C  no  engine 
used  soeve,  :ne  boat  may  weigh  250  pounds,  be  carrying 
OCC  bounds  o*  gas  and  gear,  ana  -ZG  tcuncs  c*‘  becDle.  ”hus  . 

’  ;n  " 

T-jnpr  x  -4  *  0.77  wnicn  *culd  ce  cccec  "08" 


Cj 1 umn , s , 

72  31ank 

73  Powering  Ratio  #1 

74 


On  tne  1500  bound  beat,  with  tne  same  '00  scuncs  of  gear, 
gas  ana  pecole  :n  board,  t.vis  mi' 0  *ould  be  0.55  art 
wGuld  be  codec  "06".  Recall  that  "3c"  's  ur.xncwn,  and 
"39"  means  a  ratio  create''  than  3.749. 


Hower'nc  Ratio  »4 


Finally,  tne  rario  0*  the  actua’  rc^sapewe'*  ;n  jse  t:  */e 
'■ated  hc ’“S ecowe1*  Jor  tne  boat  ;s  coded  'n  bblumns  T9  anc  .1 
Sc,  :*  cne  scat  nac  a  ’00  ”0  cutbcarc  on  t,  ana  vas  '■aca: 
*'br  a  ‘00  ic  engine,  this  ratio  vou'd  te 


Zfr  1  .0  and  «cul  d  oe  c  :ceo 


3eca  ’ 

1  tna  1 

*or  a 

11  :-f  tnese  ra: 

os,  "iS" 

stares  ‘or 

unknown,  '3 

?  1  s 

used  *or  any  -31 

' c 

than 

3. 

,  and 

'CQ"  • 

s  ..sec  *ren  tni 

<-  \  “  i  Q  ; 

s  net 

asp*  : 

cable 

-  SuC.n 

is  wren  scene 

*  r  rra  t 

:r  ‘or  a 

boat  rtr'Ch 

nas  no 

nersebower  -at- 

.•sc  :r  '  • 

mi tati on 

,  t.nere'tre , 

no  iZ 

tua . : rated  nerse 

sewer  ra 

t*  0 )  . 
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PRAM  Quality  Assurance  Procedures 


Tne  accidents  that  are  coded  into  PRAM  will  be  processed  by  one  analyst,  'hat 
■ s i  eacn  indiviaual  accident  report  will  be  coded  by  only  one  person.  At  the  early 
onases  c*  coding  (for  approximately  the  first  20  accidents)  the  analysts'  work  will 
oe  thoroughly  reviewed  by  the  project  leaders  (R.  White  and  C.  Stlehl)  for  quality 
anc  adherence  to  tne  intent  and  instructions  of  the  model.  Thereafter,  a  sample  of 
*'ve  from  each  grouo  of  fifty  accidents  that  are  coded  will  be  reviewed  by  tne 
project  leaders. 

When  all  of  the  accidents  have  been  coded,  two  decks  will  be  independently 
keypunched,  "hese  two  decks  will  be  compared  using  Wyle's  "Check  Decks"  program 
to  find  xeypuncning  discrepancies.  The  discrepancies  will  be  reviewed  by  the 
project  leaders  and  analysts  to  arrive  at  a  consensus  coding.  Then  both  decks 
will  be  corrected.  The  final  product  of  this  procedure  will  be  a  complete  set 
o*  coded  data,  relatively  free  of  keypunching  errors.  The  only  way  that  a  keypuncnino 
e^cr  could  survive  this  procedure  would  oe  if  tne  exact  mistake  were  made  twice 
'rceoenoently.  The  aiagram  on  the  next  page  depicts  the  entire  process. 


Coding  Steps  for  PRAM 

1*  you  are  tne  analyst,  about  to  coce  data  for  PRAM,  you  should: 

Check  with  tne  project  leaders  to  make  sure  you  nave  the  correct 
sample  of  accidents  to  code. 

2.  Check  each  accident  against  the  decision  tree  for  acceptance.  If  the 
accident  is  rejected,  write  tne  node  of  rejection  on  it.  If  it  is 
accepted,  write  the  next  seouential  accident  number  in  tne  PRAM  sample 
on  it,  and  the  node  of  acceptance. 

2.  'ode  all  of  tne  requirea  -information  on  the  data  sheet  for  tne  accicent, 
according  to  the  instructions  on  previous  Daaes,  and  consulting  w^th 
tne  project  leaaers  if  any  Questions  arise. 

■*.  Wnen  you  have  completed  a  croup  of  accidents  to  oe  codec,  cake  tne 
completed  data  sheets  and  tne  3ARs  tnat  were  accepted  to  tne  project 
leaders  for  review.  Then  proceed  with  the  next  group  o*  accidents  to  be 
processed. 

5.  .men  errors  are  made  (either  ir,  coding  or  Keypunching)  tne  project  'eade 
will  review  these  witn  the  analyst  in  order  to  make  sure  that  tne 
correct  information  is  coded  on  the  computer  cards.  T'n;s  may  recuire  com 
neneading  of  tne  3ARs  on  your  part,  and  perhaps  some  recoding. 
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THE  POWERING- RELATED  ACCIDENT  MODEL 


VOLUME  II 


PREFACE 

This  document  is  tne  second  of  two  volumes  constituting  a  technical 
trier  on  the  Powering-Rel ated  Accident  Model  (PRAM).  It  details 
furtner  developments  in  the  powering-related  accident  decision  tree 
and  PRAM,  after  the  initial  coding  of  a  sample  of  20  accidents.  Severity 
variables  and  other  information  needs  for  PRAM  are  discussed,  along  with 
tne  sequential  event  trees  which  have  been  developed. 


ABSTRACT 


The  powering  project  will  'nclude:  defining  powering-related  accidents, 
collecting  a  samole  cf  such  accidents  and  coding  them  througn  a  powering- 
relatec  accident  model  'PRAM),  identifying  accident  mechanisms,  and  formu¬ 
lating  and  evaluating  cowering  standard  concepts,  including  the  present 
standard.  Additional  progress  in  the  development  of  PRAM  since  tne  first 
volume  of  this  technical  brief  is  reported  in  this  document.  Operationally, 
defining  a  powering-related  accident  is  equivalent  to  defining  the  sample  to 
be  coded  through  °RAM.  This  was  accomplished  through  engineering  analysis 
of  che  problem  in  consultation  with  Coast  Guard  personnel.  A  decision  tree 
was  developed  in  Volume  I,  which  is  amended  and  discussed  in  this  report. 

Significant  improvements  in  PRAM  are  discussed  in  this  volume,  including: 
tne  addition  of  accident  severity  information,  the  inclusion  of  sequential 
event  trees  for  accidents  and  other  detailed  accident  scenario  information, 
tne  enlarging  o£  the  PRAM  sample  to  include  1976  fatalities,  ana  the  im- 
trovemen:  of  tne  quality  assurance  procedures. 
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THE  POWERING-? ELATED  ACCIDENT  MODEL 
i.O  INTRODUCTION 

'he  oo'eciives  of  trie  safe  powering  project  are:  1)  to  determine  the 
'eed  for  a  standard  limiting  the  horsepower  of  recreational  boats,  and 
i)  to  determine  whether  tnere  is  a  need  to  improve  the  present  standard 
:r  develop  a  new  one. 

part  of  attaining  the  first  objective,  powering-related  accidents 
were  defined  using  a  decision  tree.  Most  of  the  development  of  this  tree 
was  discussed  in  Volume  I.  Volume  II  wi 1 1  present  some  minor  mod;fications 
to  tie  decision  tree  and  discussion  of  the  reasons  for  these  changes. 

Tata  are  presented  concerning  tne  nodes  of  the  decision  tree  where  ’■atal  and 
non-fatal  accidents  from  1975  ten  led  to  be  accepted.  The  fact  tnat  96  fatal 
accidents  (involvinc  117  deaths)  and  '’SS  ncn-fatal  accidents  were  accepted, 
indicates  that  tnere  is  a  significant  potential  benefit  to  be  named  by 
reou cio  these  accidents.  It  remains  to  be  determined  if  (or  how)  limiting 
-|c rsecawe''  might  olay  a  role  m  tne  reduction  of  these  accidents. 

"v  ^owerina-Pelatec  .accident  Model  (PRAM)  has  been  devised  in  oraer 
tc  “coe’  tne  ocwermg  accidents,  a i  '•  ow  *cr  the  development  of  scenarios 
‘"at  tetm'Pe  si  oni leant  numcers  n*  .nese  accidents,  anc  provide  cats 
- i  :w  oene^i  t  e  s  1 1 ma  t ' o  r  s  a  ;  temati  ve  cowering  regulatory  concepts. 

.  -start  snows  tnat  s* cni ficantly  mere  mformation  *s  ivailao.e  cor- 
d  tne  fatal  accidents.  In  order  to  oe  useful  m  providing  the 
r  -action  for  engineer 'ng  solutions  tc  tne  powering  croc lamp,  RRAM 
"u : '  mt’uae  seme  accounting  r-*  tne  dynamics  of  tne  accidents,  uevond 
*  •  j  des-t  r  ■  o  t  *  c  r  zf  t"e  circumstances.  ”ne  bu .  <  of  this  t'/ce  o^  information 
W-' •  oe  cat ne rec  or-ma^'1/  fr-m  -a cal  act* dents. 


AD-A152  575  A  STUDV  TO  DETERMINE  THE  NEED  FOR  A  STANDARD  UNITING  2/^™ 

THE  HORSEPOMER  OF  RECREATIONAL  BOATS(U>  UVLE  LABS 
HUNTSVILLE  ALA  R  UNITE  ET  AL.  SEP  78  HSR-78-12 
UNCLASSIFIED  USCG-D-26-82  D0T-CG-G2S35-A  F/G  13712 


NL 


LO  g  la  iia 


MICROCOPY  RESOLUTION  TEST  CHARI 

NAIIONAl  HUHI AIJ  s?  ANDAHDs  A 


2.0  THE  POWERING-RELATED  ACCIDENT  DECISION  TREE 


r-gure  I  shows  the  powering- related  accident  decision  tree  as  shown  in 
Volume  I  of  this  technical  brief.  A  problem  exists  in  this  tree  in  the 
decisions  made  in  the  vicinity  of  nodes  13  and  9.  The  decisions  (as 
snown  in  Figure  1)  are  based  upon  throttle  setting  and  horsepower  per 
foot  of  boat  length.  The  intent  of  these  nodes  was  to  allow  those  boats 
that  were  operating  at  more  than  half  throttle  and  those  involving  boats 
wnicrt  were  at  less  than  half  throttle  but  perhaps  overpowered  to  be  passed 
on  through  the  tree.  The  basic  thought  was  to  include  heavily  overpowered 
boats  even  though  they  might  be  at  less  than  half  throttle.  The  problem 
witr.  one  oecision  tree  shown  in  Figure  1  is  that  it  might  reject  accidents 
that  snould  be  included. 


Tonsiaer  tne  following  twc.  cases: 


S6  i 


Case  2 


12  ft  jonnboat 
10  nr  engine 
•'ull  throttle 


12  ft  johnboat 
20  hD  engine 

slightly  less  than  1/2  throttle 


Case  1  would  be  accepted  by  the  tree  in  Figure  1,  and  Case  2  would  be 
rejectee.  However,  Case  2  probably  represents  a  more  severe  powering 
problem.  To  correct  this,  the  tree  has  beer  changed  to:  1)  still 
accept  a'l  those  greater  tnan  1/2  throttle,  2}  if  less  than  1/2  throttle, 
tren  sheer,  to  see  if  ho-seoower  in  use  is  greater  than  1/2  of  rated 
ncrseoower  accept  i*  "yes"),  3)  if  throttle  setting  is  unknown,  then 
accent  if  mounted  nr:  rated  np  •>  1.  This  maxes  tne  tree  more  complicated 
a:  po'rt,  out  solves  tne  problem  illustrated  by  the  example.  Figure 

1  crows  :re  oranges  tnat  would  be  incorporated  at  roae  13.  Figure  3  shows 
f'e  crarcss  co  oe  ircoroeratec  in  the  vicinity  of  none  9. 


-e  new  ;ec 


tr  ’  e:  s 


•  C’on  tree  ca  1  s  for  the  analyst  to  use  a  pocket-sized  conoute- 
3 s .  These  are  accidents  wr.ere  the  throttle  setting  was  knc..r 
cnan  50"  throttle.  The  critical  decision  then  is  whether  or 
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not  half  of  the  rated  horsepower  was  in  use.  For  example,  a  boat  that 
is  rated  for  3C  horsepower  may  have  a  100  horsepower  motor  mounted  on  it. 
The  analyst  would  input  these  two  numbers  and  the  calculator  would  display 
a  tnrcttle  setting  (0.468  in  this  case).  If  the  tnrottle  setting  in  the 
accident  was  greater  tnan  or  equal  to  that  in  the  display,  then  the  ac¬ 
cident  would  be  passed  on  to  the  next  node.  Otherwise,  it  would  be  re¬ 
jected.  The  calculator  is  programmed  to  use  a  simple  exponential  relation 
snip  between  rpm  and  horsepower  in  use  to  compute  the  throttle  setting 

needed  (witn  the  mounted  horsepower)  to  exceed  one-half  of  the  rated  horse 
power.  A  flow  chart  for  this  program  is  shown  in  Figure  4  (see  also 
Apoendix  8.  PRAM  Throttle  Setting  Program). 

~ne  formula  tnat  was  used  was  derived  from  the  boating  literature  and 
tel eonone  conversations  with  Mr.  David  Beach  of  BIA  and  Mr.  lysle  Gray 
of  tie  USCG.  Typical  horseoower  and  prop  load  curves  are  shown  in  Figure 
5  (see  Reference  1).  These  curves  allow  the  calculation  of  the  norsepower 
•r,  ose  for  a  given  engine  ana  throttle  setting. 

'he  final  powering- re 1 ated  decision  tree,  including  the  cnanges  at  nodes 
a  and  ‘,3,  is  shown  in  Figure  5.  Accidents  which  are  accepted  by  this 
decision  orocess  are  defined  to  be  powering-related. 


.  u 


THE  30WERING-RELA7ED  ACCIDENT  MODEL 

?kA y  nas  Deen  modified  since  tne  completion  of  Volume  I  of  this  technical 
Severity  information  Pas  been  added,  so  benefit  estimates  can  be 
generated  at  a  later  date,  anc  so  tnat  other  variables  can  be  correlated 
w-tr.  seventy.  All  cf  tne  accidents  in  tne  samoie  that  were  accepted  at 
nooes  12,  14,  IE,  16,  17,  18,  and  19  will  be  processed  through  the  revised 
power-; no- rel ated  accident  cecision  tree  (Figure  5}  during  coding.  It  is 
ahticrated  that  a  percentage  (oernaps  as  much  as  5»)  of  these  accidents 
will  now  be  rejected  at  nodes  9,  13,  21,  and  22.  Those  accidents  which 
we'e  previously  rejected  at  nodes  9  and  13  of  Figure  1  will  be  recnecked 
to  ct ;mi ne  if  tney  should  remain  rejected  under  tne  new  decision  tree. 

; l  n0t  anticipated  tnat  the  overall  sample  size  will  change  appreciably, 
put  these  accidents  must  be  recnecked  since  the  decision  tree  has  been 
hoc i * i ed. 

>*  *ne  i n^ormat ’ or.  coded  in  PRAM  in  tne  version  in  Vo.une  I  of  this 
- nr 'os ;  or-e-‘  was  population  ano  background  information  concerning  tne 
:c. wer'r..i  accidents.  Few  of  the  variables  included  detailed  seauential  in- 

- at: or  -ipou:  t^e  accident  causes.  One  reason  for  this  was  that  over  3CC 

-  aoc  ’ cent s  m  tne  p?AM  sample  were  non-fatai  accidents,  and  littie 
•  ;  ;  information  was  available.  Event  trees  nave  been  deve-oped  *or 
■ ■  etc  note;  .vnicn  processed  a  significant  number  of  accidents,  m 
•  •  -  ■'  nodes  wne >-e  few  fatalities  we^e  accepted,  retailed  event  trees 

•  ■  . /s. '  r.ced  oeca-se  tne  information  neeflec  was  not  aval, at, e.  ,  ne 

.  .  •  *  -at  were  developed  are  presented  in  section  j.E. 


3.1  Seventh  Var-aples 

,eu  ;  i no  with  -r.; pries,  fatalities,  anc  property  damage  suffered 
-  rowf'-md  accidents  nave  been  incorporated  into  PF AM .  Tnese 
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cct.'s  e  era :  tne  Current  or  proposed,  standard  may  reduce  tne 
cowe' -no-related  accidents  ’rstead  o*  or  m  accition  to  prevent- 


For  the  boat  that  has  been  accepted  through  the  powering-related  accident 
decision  tree,  the  damage  to  the  vessel  and  the  number  and  extent  of  the 
injuries  to  persons  on  that  vessel  are  coded.  Tne  codes  and  coding  instruc¬ 
tions  for  these  variables  can  be  found  in  Aopendix  A  (Revised  P RAM  Analyst's 
Guide).  They  are  coded  in  columns  66  through  63  on  the  PRAM  coding  sheet 
(Figure  7) . 

Severity  information  is  also  cooed  for  other  vessels  wnich  may  have  been 
involved  in  the  accident  but  are  not  included  in  the  PRAM  sample.  The 
number  of  fatalities,  damage  to  vessel (s),  and  injuries  are  codec.  The 
codes  and  coding  instructions  for  these  variables  are  found  in  ApDendix  A, 
for  columns  70  through  74.  If  the  accident  involved  only  one  vessel, 
tnen  t.nese  columns  are  coded  all  zeros.  If  the  second  (or  other)  vessel 
is  also  included  in  the  PRAM  sample,  then  severity  information  relevant 
to  it  is  included  in  its  coding,  and  a  "9"  in  column  70  indicates  that 
fact  for  this  beat. 


3.2  Event  "rees 


Secuenca'  event  trees  nave  been  develODed  for  nodes  14,  15,  1-.  18  and  :e. 

Not  erougn  oata  was  available  at  other  nodes  of  the  powering-related  accident 
tec,  sicn  tree  (see  Section  3.3  PRAM  Sample).  Tnese  event  trees  were  develop¬ 
ed  :n  orcer  to  caoture  seme  of  tne  Petal  <ea  sequential  information  concerning 
oowe  -  n  p-  i*e '  a  tec  accidents  that  is  availao.e  orimar’ly  in  fatai  accicert  reoo  r.* 
■■ie  Tees  were  developed  to  enable  engineering  solutions  to  powering  orpclems 
orov'cmg  data  cf  a  Je  paced  nature  aocut  tne  causes  of  t.nese  accidents  anc 
ve  -e 'at  ion  snips  between  events.  Solutions  (in  tne  *orm  zc  proposed  standards, 
son  oe  oroccsec  ana  tested  *'or  oreavinc  one  or  several  accoert  seouences. 

••ie  effectiveness  of  tne  current  standard  can  oe  similarly  ana ’ yzeo .  te 

*’ve  nodes  indicated  aoove  were  tne  nodes  of  acceptance  ‘or  12  or  more  *ata, 
accounts  eacn  f-cm  tne  1  975  data,  and  therefore  provided  a  significant  amount 
C*  data  fpr  const'uct' no  event  trees.  Mcre  trees  may  oe  constructed .  and  .rese 
~a  i  :e  <*e*'red.  tne  fatal  ooweeng-re  .ated  accidents  rrem  r  o  na  ;e  -eeh 

cc.cCC  ,  see  Section  3.3  "he  -RAM  Ea-ic-).  "he  trees  will  ce  T.c'jdec  ir. 

-RAM  ir’d  coded  in  a  ■name'-  /e^y  sirr.-'ar  to  otner  vanao'es. 


:  r.c '  ucec 
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Node  '4 


Accidents  accepted  at  tnis  node  involve  capsizings,  swamp ings.  and  -.'a  ,  s  over¬ 
board  during  intentional  changes  in  direction  (course  cnanges).  For  these 
accidents,  three  additional  tyces  of  information  are  coded:  the  type  of  turn, 
tne  type  of  event  that  caused  boaters'  lives  to  be  at  risk,  and  the  significant 
contributing  factors  in  the  accident.  The  coding  Instructions  are  shown  on 
the  following  pages  and  will  oe  added  to  tne  PRAM  Analyst's  Guide. 
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FOR  ACCIDENTS  ACCEPTED  AT  NODE  14: 


Variable 


Turn 


Node  14  Tree 


Description/Codes 


Choose  the  best  description.  Tne  turn  was: 

1)  "Normal"  -  often  less  than  90°,  not  "snarp" 
for  the  boat's  speed. 

2)  "Sharp"  -  often  near  90°,  sharp  for  tne 
boat's  speed. 

3)  "Turn  around"  -  a  turn  of  130°  to  360° 

4)  Un <nown 

Process  tne  accident  as  far  down  this  tree  a 
possible,  and  enter  tne  appropriate  code.  1 
tne  accicent  involved  multiple  victims,  code 
tne  two  best  descriptors  side  py  side  in  columns  • 

7f  an c  77.  if  the  accident  involved  one  *a:a’ - 
'ty  and  one  or  more  otne^s.  ccoe  tne  ratali*y 
as  t.ne  code  in  column  7S.  If  only  one  victim 
was  involved,  then  coae  0  in  column  ~n.  Consult 
o-o;ect  leader  before  using  any  'ot’-e'-'  codes. 


Af:'3'-:*)  AT  n rr: 
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APPENDIX  A.  ? RAM*  ANALYST'S  SLIDE 


^Revised) 

August  1977 
USCA  61700 
C .  Christian  Stiehl 

(*  an  abbreviation  to r  Powering-Related  Occident  Model) 

The  pages  that  follow  contain  much  of  the  information  you  will  need  to 
analyze  accidents  for  PRAM  and  r"iII  out  the  code  sneets. 

"he  first,  page  has  a  decision  tree  that  you  should  use  to  decide  whether 
an  accident  should  be  coded  in  PRAM  or  net.  Whatever  your  decision  may 

you  should  write  ‘rejected  at  node  _ "  or  "acceoted  at  node  _ "  on  t 

front  o*  the  BAR.  If  the  accident  was  rejected,  set  it  aside.  If  the 
accident  was  accented,  then  continue  coding  the  information  for  that  act 
until  the  coding  has  been  completed. 

Succeeding  cages  snow  you  exactly  now  to  code  all  of  the  information  reo 
oy  PRAM,  a  row  on  one  coding  sheet  :  :  to  se  filled  out  for  eac.n  acc*den 
ceded  into  5CAM.  "he  f'ir-st  cage  .*  *.rs  section  is  a  '•educed  sarroie  cod 

_ne  'act  ccuole  o~  cages  snow  tne  soal't/  assurance  procedures  ~nr  ~ . 
~  -  e  s  e  should  ce  read  ar.c  oncers  tool  centre  scene  teems. 


be, 

ne 

i  cert 

L*  1  ro.C. 


FIGURE  8.  NON -POWERING  ACCIDENTS  BY  GEOGRAPHIC  REGION 


process  will  continue  until  two  complete  duplicate  deck?  of  correctly  coded 
data  a’-e  obtained.  ~he  on’v  way  that  a  keypunchinc  or  codina  error  could 
survive  suer  a  veri fication  process  would  be  if  the  exact  mistake  were  made 
twee  independent!  y  or  tne  same  variable  in  the  same  accident.  The  probability 
of  such  an  occurrence  is  remote.  As  before,  a  further  cneck  is  prpviaec 

aaairst  tms  possibility  since  the  project  leaders  (R.  White.  C.  Stsehl,  and 
N .  Whatley'  will  review  a  sample  of  10‘  of  each  batch  of  accidents  that  is 
coaed.  when  errors  in  coding  or  interpretation  are  discovered,  there  will  be 
reviewed  with  tne  analysts  by  tne  oroject  leaders. 


o  <n 


~he  comparisons  of  the  non-powering  sample  to  the  powering-related  sample 
wi'.l  be  maae  only  for  those  boat  types  which  are  currently  covered  by  the 
standard.  Provided  enough  detailed  data  Is  available  from  the  accident 
reports,  these  comparisons  may  be  made  within  individual  boat  types  (or 
ot.ner  suo-categcnes  of  variables)  in  order  to  evaluate  the  relative  ef¬ 
fectiveness  of  tne  standard  in  various  domains. 

Exposure  data  will  be  gained  from  several  sources  and  estimated  from  others. 
The  exposure  data  is  critical  for  a  detailed  evaluation  of  risk  and  standard 
effectiveness.  The  non-powering  accident  sample  will  provide  some  data 
concerning  exposure,  and  allow  a  comparison  to  the  exposure  data  estimated 
from  cthe  sources.  rhis  comparison  will  indicate  the  tendency  (or  lack 
of  it)  for  overpowered  boats  to  be  in  non-powering  accidents.  After  the 
completion  of  PRAM  and  the  analyses  of  powering  ratios  for  boats  in  power¬ 
ing-related  and  non-powering  accidents,  the  collection,  estimation,  and 
analyses  of  exposure  data  represent  the  next  significant  step  in  the 
analysis  of  tne  effectiveness  of  the  current  powering  standard. 

a  total  of  5CC  non-cowering  accidents  will  oe  sampled,  including  20G  fatal 
accidents  anc  300  non-fatal  accidents  (these  are  tne  approximate  total  samole 
sices  for  fatal  and  non-fatal  oowering-related  accidents).  Accidents  will 
oe  selected  in  order  to  oe  reoresentati ve  in  terms  of  geograonic  region  3nd 
ooat  t/oe.  r:gure  8  snows  the  sampling  clan  by  geograonic  region. 

>e  SCO  accidents  will  oe  sampled  sucn  that  62. 5*  are  outboards  arc  3'. i, 
are  otner  coat  c/oes.  “nese  cercentages  match  tne  breakdown  wit.nn  tne 
oower’ng-re'ated  sample  for  those  coats  covered  by  tne  present  stance":: 
anc  those  that  are  not  covered.  Figure  5  aeoicts  tne  semolina  clan  for  the 
5CC  non-cowering  accidents. 

3. A  hualit/  Aasunnce  Procedures 

“he  "’RAM  coal  ity  assurance  orocecures  outlined  in  Volume  I  of  tn  -  s  technical 
or-e*  nave  oeer  amended  to  include  'urtrer  ver-'icaticn  of  tne  codec  in-'orma- 
t i on .  Eacn  accident  wi'l  oe  crocested  independently  by  owe  analysts,  "*e 
’ "decencew*  oocnos  w’l  c nen  ce  s?vcunc"ec  and  comoarec  ov  a  ccmouter  org- 
:"ar  *  or  i  • ccreoanc ■ es .  "ne  d 1 sc"°oanc : es  will  oe  cnecxed  *or  <eycunc"srr 
arc  'doing  e""d re.  anc  reeve Ieo  *C’-  xevoijnching  tne  corrected  cooes,  '"is 
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prooabil  itles  of  death,  injury,  ano  property  damage  when  tne  accidents  do  occur, 
uucn  a  standard  may  or  may  not  demonstrably  reouce  accident  frecuency,  but  it 
may  reGuce  acciaent  severity  significantly.  The  analyses  of  fatal  ano  non- 
~atal  accidents  will  allow  results  such  as  those  descrioed  to  surface  wren  they 
are  present. 

"able  1  indicates  that  there  are  several  fatalities  at  nodes  14,  15,  17,  18, 
and  19.  Accident  Event  Trees  nave  been  developed  to  code  important  sequential 
information  for  accidents  accepted  at  these  nodes.  Tne  event  trees  were  descr-ibed 
earlier  in  this  technical  brief.  Tne  fatal  accidents  provide  much  cf  tne  informa¬ 
tion  neeGed  for  processing  data  in  tne  event  trees,  while  the  non-fatal  accidents 
typically  qo  not.  For  this  reason,  all  powering  related  fatal  accidents  from 
.576  will  oe  sampled  and  coGea.  This  will  provide  detailed  input  for  tne  event 
trees  anc  may  provide  a  large  enougn  sample  size  at  other  accept  nodes  to  in¬ 
crease  tne  number  of  event  trees  in  PRAM. 


Tne  Non-Powerinc  Accident  Samp! e 


A  sample  c*  ncr-ocwering-related  accidents  will  be  collected  and  analyzed 
-or  two  reasons:  1',  these  data  will  be  compared  to  the  powering-related 
.im.pl  e  in  ce'-mp  o*  the  ratio  of  mounted  horsepower  to  rated  horsepower, 
arc  2)  cornea -i s i ons  may  be  made  involving  other  powering  ratios  or  other 

v  a  r i  a  b  1  e  s  . 


1  ■’  try  current  powering  standard  measures  the  risk  of  involvement  ir.  a 
xwe'-irr-re :  atec  accident  to  a  significant  degree,  tnen  tne  powering 
r-.i;.v  she  beats  in  tne  powering-rel ated  sample  should  be  higher 
~i 'overpowered"  peats)  than  in  tne  non-oowering-related  samp'e  [fc 
- cat  types  covered  by  the  standara).  If  there  is  no  significant  difference 
m  tne  powering  ratios  for  the  two  samoles,  tnen  eitner  the  standard 
sees  not  e*'*ect i  ;e1 v  measure  tne  ris<  of  involvement  in  a  powerina-rel ated 
.icci  sent,  cr  teats  that  re  overpowered  are  just  as  likely  tc  be  in  a  nor- 
rcwer’nc  accident  as  a  ocwerino  acciaent.  The  second  explanation  means 
tout  the  star.tarc  ;na\  measure  a  general  accident  orppensity,  measures  cf 
-“xers^re  ,  -irurs  of  ooerat’on,  number  of  overpowered  boats,  etc.)  may  be 
neeced  to  r.or-ali te  tne  comparisons. 
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3.3  The  PRAM  Sample 


The  sample  of  powering  related  accidents  to  be  used  in  “RAM  includes  all  1975 
accidents  in  the  Coast  Guard  files  that  survive  the  decision  tree  (Figure  4), 
and  all  1976  fatal  accidents  that  are  accepted  by  tnat  decision  tree.  At  the 
writing  of  this  technical  orief,  only  the  1975  data  had  been  sampled.  Table  1 
snows  that  a  total  of  331  accidents  were  accepted  from  the  1  975  data  as  powering 
related,  including  96  fatal  accidents  (involving  117  fatalities)  and  285  non- 
fatal  accidents. 


TABLE  1.  1975  PRAM  SAMPLE  3Y  NODE  OF  ACCEPTANCE 


PFAM  Node  of  Acceptance 

Number  of 
Fatal  Accidents 

Number 

Non-Fatal  Accidents 

5 

(Lost  control) 

1 

93 

6 

(No  attempt  to  avoid  collision) 

1 

19 

7  0 

(Attempted  to  avoid,  not  enough  time; 

7 

33 

14 

(Fall  overboara/capsizino  during  maneuver) 

22 

23 

1 5 

■(Sudden  application  of  power) 

.  J 

n 

1  6 

1l.oss  of  d-rectional  control! 

Q 

24 

1  7 

'/wave  over  sow; 

13 

25 

'  3 

"ali  overboard  due  to  wave) 

1  6 

30 

w 

'Capsizing) 

i  r, 

27 

96 

285 

--cm  tne  taol e  it  is  clear  tnat  the  fatal  accidents  are  not  dist*"1  sutec  in  t.ne 
same  manner  as  tne  non- fata;  accidents  o y  noce  of  acceptance,  for  examDie,  nearly 
one-thT-c  o*  tne  non-'atal  accidents  were  accepted  at  node  5,  .-.ri'e  only  It  of 
one  fatal  accidents  we^e  accented  at  tnat  node.  Collisions  account  ‘or  approx -- 
mateiv  5CT  of  the  non-ratal  sample.  Out  only  iC"  of  the  fatal  sample.  Tms 
necessitates  the  inclusion  of  oot.n  *atal  and  non-fatai  accidents  in  the  analyses 
tie  pcwerinc  oroolem.  since  tne  octentia'  exists  for  d'*'erer,t  causes  anc 
scuntarmeasures  *  or  earn,  w.m'e  it  i s  true  tnat  in  terms  of  potential  cene*'ts 
me  *atal  accident  mav  oe  weighted  as  ecu'. valent  to  as  many  m  50  non-*ata‘ 
icc’ients.  t.ne  d'‘‘erenc9S  in  accept  ncces  me  cate  ii'*i',en'.  power  mo  p**oo'.  am 
wha*.  may  ce  a  solution  to  tne  cause  sf  certain  acwe'inc  accidents  may  'av?  r. 
uear-ng  m  tne  causes  of  otne1*  oowe-  ng  accidents.  3ne  ooss'b'e  :ere*:t  *";r 
Sue-  ana'  /  sec  •  :  me  'memo  o*  a  '■ecu’ at'on  or  standard  tr.it  mi  mm  ices  V'e 


rt-Da 


Variable 

Description/Coaes 

31 

Improper  or  excessive  loading  was  a  •'actor  in 
this  accident. 

3) 

Poor  equipment  (poor  condition)  was  a  factor 
in  this  accident. 

Node  1 9  Tree 

Process  the  accident  as  far  down  tne  tree  as 
possiDle.  Do  not  use  tne  "otner  code  witnout 
consulting  a  project  leader. 

ACCEPTED  A’  NODE  19 


Beat  Da  os: pea  as 
A  Aesui  to"'  Actions 
Caused  oy  a  Stern 
Wave /'Wake 


Wave '•lake  from 
Bov/  or  Side,  or 
Aseymeo  so  wnen 
Primary  Cause  was 
Speed 


Other 


Wave/Ware 
Swampec  Boat, 
Leading  to 
Capsizing, 
WitnOut  Turning 


Wave/Wake 
Turned  Boat, 
r nen  it  Caosizec 
As  a  Result  c- 
Being  Abreast 
Cf  Wave  (s';  3 


'■e  c-i-s  teat  nave  been  constructed  are  intended  to  provide  more  detai'cd  • 

•  on  >.~cuT.  tne  accidents.  Tne  trees  will  undoubtedly  oe  amended  as  more  accdents 
c-ocessec  tnroucn  PRAM  Whenever  an  analyst  presents  a  case  to  a  oroiect  ", eace 
'at  •,  pctentia'lv  coded  as  other"  m  one  of  tne  trees,  tne  project  leader  will 
•per  amenu -no  tne  tret  to  include  a  nooe  for  tnat  Particular  type  of  scenario. 
-Karine  of  the  contribut  ina  factors  for  eacn  acceptance  node  (eacn  tree'  it 
a*-ent.  ~nec,f  ‘‘actors  were  ordered  to  ref1  act  tneir  importance  and  the  ava' la- 
1,  t*  tne  information  at  eacn  node,  after  reading  a  sample  of  accidents  at 


'hrown  out  Oy 
Sr'it  Mcv**n®nt$ 

'  Dot  tC  Sottd. 

*4V«,  Mlf.  •  ?€., 
iut  *»4 1  in  Sotxj 
Volition) 

;  : 

''*r*an 

"0  ,'h|r;  f «  ;  t 

fly  Sitting  an  « C 

8tC*  .  Riding  on 
Bow.  Sittina  on 
jjnn«l ,  Sttnd'oq 

Up  (Ct^tn  tfi4H  4 
SUnd-up  Cockptt}; 
^OOr  Ro* »t iO« ,ttC. 

f  ] 

.  ;w-  | 

1 _ Jj 

:<rson' % ,  «4t 
’h.'0«n  A '■•Out  Gy 

3o*C 

'Out  to  S?e«d, 

•<v«,  wA k *  ,  ntc  j 

But  -n  in  Sood 
?04it1on)  i 

Co-'f  tut *d 
*0  Vi  'i  ,  1 

By  Sitting  on  Stit 
5*cit,  hiding  on 
30w,  Sitting  on 
S^nnei ,  Standing 

Jp  ;Oth«r  man  a 
Stand-up  toe*. pi  t )  : 
?oor  Position,  »tc  , 

T 

! 

S 

‘loce  1  9 

The  accidents  tnat  are  accepted  at  node  19  include  capsizings  caused  py  a 
wave  or  wake.  Detailed  related  factors  and  accident  scenario  descriptions 
are  coded,  'he  coding  instructions  are  snown  on  successive  paces  and  will 
Pe  included  in  the  PRAM  Analyst's  Guide. 

FDR  ACCIDENTS  ACCEPTED  A'  NODE  1?: 


-G  i  jrr.n  i  $ 


Variable 


^actors 


Description/Codes 


Choose  tr.e  contributing  factors  in  this  accident. 
1*  less  t.nan  four  aooly,  r*gnt  nanc  justify  am: 
’nsert  Cs  in  left  nand  column(s'.  Read  sown  ere 
list  in  orcer  and  code  tne  -:ur  sic'  acc’y. 

~n  order,  'nus,  the  codes  from  T;-73  snou:d  re 
ascending. 

1;  Poor  oceratcr  judgment:  mexoer ience .  ms- 
judgment  of  ms  or  Peat's  abilities,  etc. 

2)  cack  of  PcDs  or  lack  of  PFD  use  was  a  ’"actor. 

3,  Ooerator  was  unable  to  outrun  or  estate  sterr. 
wave.  wa<e  that  re  <new  was  coning 

a  Excessive  soeea  was  a  “'actc'-  m  tne  acccent. 

5  Scugn  water  was  a  factor  in  tne  act' lent. 

6;  A'oono-  was  a  “"actor  m  tne  accidert. 

"  More  “"Dotation  ioeycna  oasic,  or  ary  i-‘  tnero 
was  none:  would  have  neloed. 


Noce  IS 


"These  accidents  include  falls  within  the  coat  and  falls  overboard  that  result 
'Von  a  wave  or  a  wake.  For  these  accidents,  detailed  codes  have  been  develop¬ 
ed  for  contributing  factors  in  the  accidents  and  for  the  nature  cf  tne  fall, 
"re  ceding  instructions  are  on  tne  sages  that  follow  and  will  be  incorporated 
into  the  PRAM  Analyst's  Guide. 


FOR  ACCIDENTS  ACCEPTED  AT  NODE  13 


Column  f  s ) 


.  3 

*7  £ 


Variabl  e 


Descmption/Codes 


Contributing  Choose  the  contributing  factors  in  this  accident. 
ractors  If  less  tnan  four  apoly,  right  hand  justixy  ana 

insert  0‘s  in  left  hand  column(s).  Read  down  tne 
list  in  orde*'  and  code  the  xir$t  four  that  apply, 
in  order.  Thus,  the  codes  from  75-78  snould  be 
ascending . 


1)  Hit  by  tne  boat  or  prop  after  fall. 

21  Tne  fall  led  to  a  capsiting  or  swamping. 

3)  Improper  loading  or  excessive  loading  was  a 
a  factor  in  this  accident. 

p'i  Excessive  speed  was  a  factor  in  tms  acc'der: 

5)  Poor  eauipment  (poor  condition)  was  a  facto1' 
in  tm  s  accident. 

5)  Lac*  m  PFDs  or  lack  of  PFD  use  was  a  -actc1' 
in  tms  accident. 

7.)  Lack  o*  '"location  for  ooat  'or  "evel 

flotation )  was  a  factor-  i.e..  mo-e  fl station 
would  nave  definitely  neloec 

o'  Collision  with  another  vessel  c-  object  a-"te^ 
tne  initial  accident. 

9)  Alconol  involvement  on  tne  part  0*  operator 
or  otne":. . 


Noae  'I  "T'-ee  Process  tne  accident  as  *a"  aewn  tr.’-s  *.ree  as  ocs- 
S'.ble.  Note  that  no  'S"  is  used.  Dc  net  coce  ar 
other"  without  discussing  tne  accident  w'tn  a 
project  ";e3oe- 


A- bn 


2)  Strong  current  and/or  rough  water  was  a  factor. 

3)  Operator  inexperience  was  a  factor. 

4)  Lack  of  PFDs  or  failure  to  use  them  was  a  factor. 

5)  Alcohol  was  a  factor. 

6)  Poor  operator  judgment  was  a  factor. 

7)  More  flotation  (beyond  0,  or  beyond  basic) 
would  have  helped. 

3)  A  capsizing  followed  the  swamping. 

9)  Poor  equipment  (poor  condition)  was  a  factor 
in  this  accident. 


79  .Node  17  Tree  Process  the  accident  as  far  down  this  tree  as 

possible.  The  loading  decisions  involved  primarily 

loads  at  the  bow  or  gunwale,  out  these  decisions 

may  be  cased  upon  the  overall  load  if  the  loading 

distribution  within  the  boat  isn't  known.  • 


Variable 


Oescribtion/Codes 


Co  1 umn ( 3 ) 


Cnoose  the  contributing  factors  in  tnis  ac¬ 
cident.  If  less  than  three  aobl.y,  right  nand 
justify  and  insert  0 1 s  in  left  hand  colurnn(s). 
Reac  down  tne  list  in  oraer  and  code  the  first 
three  tnat  apply,  in  o-oer.  Thus,  the  coGes 
fro: v  78-80  shou'ld  "Be  ascending. 

1)  hit  by  boat  or  orop  after  initial  accident. 

2)  Stood  up,  improperly  seated,  or  otherwise 
not  -in  a  proper  position. 

3)  Handling  gear  (engine,  line,  anchor, 
fishing,  etc.). 

A;  Engine  trouble/control  trouble,  poor  con¬ 
ditions. 

5)  uack  of  PFDs,  or  net  using  PFOs. 

6}  »ack  of  flotation,  mo^e  flotation  in  boat 
would  nave  helped. 

7)  Collision  occurred  axter  initial  accident. 

S)  Scat  was  out  of  control  after  tne  accident 
(unaerway,  not  drifting) . 

9)  Alccncl  was  involves. 


*nese  itcicents  involve  boats  wmen  «."-e  swamoed  by  a  wave  on  wake  over  the 
ocw  or  sice  'or  these  accidents,  tne  contributing  factors  and  some-  details 
:crcr'*,‘  ••'c  tne  reasons  for  tne  swampings  .-.re  coded.  Tne  cod’nc  .  istrucf1  ons 
=  toe  oaces  that  *o1:o«  and  tnese  will  oe  included  in  tne  Analyst1; 

3u ‘ it  . 

FOR  ACCIDENT:  a CCE"~ED  AT  NODE  17: 

Descristior./Cooes 


Oncost  tne  contributing  factors  in  trm  s  accident. 

S  iets  tnan  -'our  aoply.  riant  nano  'ustifv  an-’ 

Insert  Cs  in  nand  column;*) .  Read  ccwr  tne 

list  in  oroer  arc  code  tne  £irst  four  tnat  acoly. 
in  proa r .  Tnus  tne  codes  *rom  75-7t  shoo’d  ne 
ascending. 

1'  Speeo  was  a  factor,  it  was  excessive  ccnside-'.r ; 
tne  c i rgurstances . 


.  3  r  i  a  D ;  e 


-Ontri  butm- 
-ac'Ors 


pc 

or 


-Ontri bating 
-ac tors 


A-S4 


tjl 


FOR  ACCIDENTS  ACCEPTED  A’  ‘10. 0  15 


■lon/Codes 


Circumstances  Was  the  vessel: 


Operator 

Intentions 


Node  15  Tree 


1)  Just  getting  underway  from  a  stopped  or  slow 
speed  situation  (intentional  or  otnerwise) 

2}  Increasing  speed,  but  already  underway 

3)  Unknown 

Was  the  change  in  speed: 

1)  Intentional 

2)  Unintentional 
3}  unknown 

Process  the  accident  as  far  down  this  tree  as 
possible.  Do  not  use  an  "otner'1  code  without 
consulting  a  project  leader. 


j-rra*r^  •*  * 


.:*.s  jf  ?<i 


,  “d*-1  *0-  c 
?c  **  *'*--€  '.  sa 


*  n  t#  *  jc  t  *  “  ?  •  > '  *»  ; ;  j *  ~ 

Anc,nri  '  •*  C  *  "  *  ,  *  -  : 

-  \ '*"*n  It 


V  a  r  -  a  d  i  e 


QescriDtion/Coaes 


Conr.''1  outing  Factors  Choose  the  contributing  factors  in  this 

accident.  If  less  than  three  apply,  rio> 
r.anc  justify  and  insert  O's  in  left  hand 
cclumn(s).  Read  aown  the  list  in  order 
and  coce  tne  first  three  tnat  apply,  ; r 
o-afe»- .  "Thus,  tne  coces  frorr  78-80  snoul 
be  ascending. 

1)  Hit  by  boat  or  prop  after  initial  in 
cident. 

2)  LacK;  o'  orDs  or  lack  D*3  use. 

3;  Excessive  speed  was  a  'actor  in  tne 
accident. 

- i  Boat's  own  wane  ccntriouted  to  tne 
accident . 

5’  A  wave  contnoutea  to  tne  acc'aent. 

o'  ~n'a~i  1  ar  1  cy  w'tn  controls  or  numar. 
'actors  problem  witn  controls. 

7)  Collision  with  another  vessel  or 
object  {s',  after  initial  incident. 

Lacv  0'  r'lctafor  'or  coat  lor  lac* 
0'  'evel  flotation  for  boat'-,  i.e.. 
iTcre  ooaf  'location  would  def  ini  tel/ 
nave  neloen. 

Cl  bVcnol  mvo  I  verier,  t  on  tne  pa^t  o' 
operator  or  others. 


ted  at  t.ms  node  are  initiated  :/  a  Sudden  aoolicaf.v.  c'  c-o«e**. 
ents .  tre  c '  rcumstances  unce-  wrier  tne  power  was  apt  '•  ie  1 
noer way.  etc.  ,  wnetner  tr.e  suiter.  aocl  1  cation  0'  cower  *cs 
tailed  scenario  information  scout  tne  circumstances  causing 
sk  .  arc  for.i'-cart  contributing  factors  are  all  codec 
-jct’cns  arc  presented  on  tne  *0!  lowing  paces  arc.  w "  1  te 


PRAM  Cqg:”j  Instructions 

Once  you  have  decided  ‘.hat  an  accident  is  acceptable  for  PRAM,  then  fill  out 
one  ’'ow  on  the  coding  sheet  comp'etely  for  that  accident  using  the  following 
instructions. 


CARD  1 


Column(s)  Variable  ‘lame 


Peso -•‘otion  and  Coding  Instructions 


Cl  Boat  Number 

02 

03 


Cooed  z'/ 


Tnis  is  the  number  of  tne  boat  in  our  sample.  It 
is  used  to  identify  the  accident  in  case  we  should 
ever  need  to  refer  to  it  again.  The  first  boat 
coded  into  PRAM  will  be  "001 and  the  next  will 
be  "002,“  etc.,  until  all  of  the  appropriate 
.ccidents  have  been  coded.  Each  time  an  acceptable 
accident  is  found,  it  should  have  the  next  sequential 
boat  number  written  on  it  in  bold  black  printing. 

All  accidents  involving  more  than  one  boat,  wherein 
more  than  one  boat  will  be  processed  through  PRAM, 
will  be  numbered  starting  from  900.  For  each 
accident  of  tnis  type,  skip  to  the  next  multiple 
of  5  #or  the  starting  number.  Thus,  for  the  second 
accident  naving  more  than  one  boat  in  PRAM,  the 
boat  numbers  would  be  905,  9C6,  etc.  For  the 
thirq  accident,  910,  911,  etc.  Therefore,  fo- 
ooat  numbers  under  900,  there  was  one  boat  oer 
accident  witn  a  powering-related  problem,  ar.d 
for  numbers  over  399,  tnere  were  mul  iple  boats 
per  ac."  cent  witn  poweri ng-ngl ated  problems. 


"ne  ana'/'.*  w  rc  codes  eacn  particular  ace  sent  snou'd 
enter  n-. .  personal  one  d'git  code  nere.  3oaes  a-'e: 


1  =  Mark 

3  Stuart  Burnell 

3  3  Benny  3m i or 
3  3  Chris  Stien' 

9  3  vOhn 


•1 1 *  3  3c c  white 
5  3  Jac<  Bcwma- 

C  =  J  i  "  7  '  d  oC  r  Z  £ 

”  3  Nona  wnet 
A  s  / 1 1  s 


Jt 


ir\~a.r~  tne  acoropi-- ate  two  d'c*  code  ‘or  tne  state  wner 
tne  accident  occurred,  iccor-jino  to  tne  list  below. 


ate 


mm'  Vanacle  Name 

De :.  c  - 1  ot  i  or. 

ana  Coding 

Ir.str  jet  ions 

Ataoair.c  01 

A  l  a  S  K  a 

02 

Arizona 

r  * 

U*"* 

s-xar.sas  05 

Cal • 'cr-l a 

06 

Co' orado 

08 

Colorado  08 

connect i tu u 

05 

Del  aware 

1C 

0 ’ st .  of  Col  unci  a  1 1 

rl ori da 

i  ? 
u 

Oeorci a 

*  c 

Hawam  ’5 

Icano 

*,  6 

T.  1  inoi  s 

7 

ir.diara  '8 

I  OWc 

18 

Kansas 

~>r 
-  L 

Kentucky  21 

l_du'  siana 

m 

Ma  i  ne 

r  s 

Mary' anc  24 

Massacnusetts 

25 

Michigan 

2f, 

Minnesota  27 

Mississi Dpi 

28 

Mi ssouri 

oq 

Montana  20 

Necrasm 

31 

Nevaoa 

c  9 

New  ■ arcs hi m  E3 

New  msey 

34 

New  Mex'co 

‘  ’ 

New  Vor k  26 

North  Carolina 

37 

Nortn  Dakota 

DC 

j  . 

E? 

0  k  1 8. noma 

4C 

Orecicn 

A  * 

Rc-r r v, /ani e  At 

Rhooe  Island 

A  A 
**** 

Soot1'  Care’  i na 

A  Z 

mm  Ca<ots  46 

Ter.net  see 

•  “T 

Texas 

A  2 

.  :.m  eg 

Vermont 

c.r. 

Vi  -cm la 

5  ‘ 

Nasnmctcn  53 

west  Virginia 

Wisconsin 

55 

,v .  c  ~ i  n  c  5  6 

jn Known 

3c 

Mor.tn 

Enter  tne  aomoor 

iate  two  <r 

cit  code  for  tne 

nor.tr 

wnen  tre  accident  ccc'jrrec  (01  =  January,  etc.... 

12  =  OecemDerl.  NO"E:  FOR  ALL  "HE  TIME  ORIENTED 
VARIABLES,  CODE  ’HE  TIME  THAT  "HE  ACC  I  DEN”  SEDAN . 

Ur  Known  =  AS 

Enter  tne  aooroDriate  twc  digit  code  to  r  me  da.  m 
tne  accident  (Cl  =  1st  of  me  month,  etc.).  Dor. 1  - 
forcet  : r.e  j.  unknown  =  88 

Enter  tne  Ci-  two  digits  o'  me  year  m  wmcn  '.re¬ 
act  iaer.t  mm-ms.  Jr, Known  =  66 

Ecae  tne  twc  emits  tin  mil  i  t2  -y  1 1  m .  •  ..  I  - 

24  nouns',  comecroncirc  to  tne  time.  me-  ree-e-t 
nour.  tnat  me  accident  oecan.  Cote  me  time  o*  me 
caosttiruj.  for  examole,  wren  a  scat  c?.;t  ices  am 
tne  oeoo’e  a-e  not  recovered  f  j<*  1  L  r.cu-s  ;o..m 
uo  from  tne  naif  noun,  i.e..  22 : 30  is  coded  as  EE. " 
ijn  Known  =  35 

Code  tie  tr:ra/v  f:  -st'  actm&nt  tyce.  Ear  e-mv  tie. 
i*  tne  re  m  a  coT'Smr  causing  someone  to  *  a  1  1 
m'  tre  oca*  .  -i ’’  oeoc;  te  on  oca  re  are  cooes  as  viem  — 
of  i  :c '.  1  •  i'or  ,  •'Gt  a  'alls  cverooam.  Cmmar'.. 
a  co  -  s  n  -all  t  cot  o'  a  e  or, nooat  causing  it  t :  sacs  •  :• 
tnrnwmn  a  teeme  censor  mm  tne  «a*er  nom 
am  cocec  as  falls  cverooa-o.  s' nee  tnat  was  me  m;- 
ma-/  Cajse  me  accident.  Occasional';,'  -'cr?  mar 
me  accident  ", ascent  consecutive',  m  tme  A  mere  on 
r*  mt  'a  '  cv  -marc,  and  a  sec  on  t  re- son  mmme  m 
n- >*-  ce  strut <  ty  tne  coat  or  o-co  l;ce 

*'-Cj  .1  ►!■  *  * 


I 


Variable  Name 


I 


Column ( s ) 


Accident  Type 
(continued ) 


Boat  Type 


Boat  Length 


3oat  Widtr 


Hull  Snaoe 


Description  and  Coding  Instructions 


1  *  col  1 1 sion/grounding 

2  =  swamping/capsizing/flooding/sinking 

3  =  fires  and  explosions 

4  =  falls  overDoard/fal 1 s  witnin  tne  beat 

5  =  struck  by  boat  or  propeller 

6  =  other 

S  =  unknown 


Code  the  single  digit  tnat  corresponds  to  the  best 
description  of  the  boat  involved. 


1  =  high  performance  boat 

2  =  open  powerboat 

3  *  cabin  motorboat 
a  *  auxiliary  sail 

5  1  canoe/ kayax  (powered) 

6  3  nouseboat 

7  =  inflataole  (powered) 

8  3  unknown 

9  =  other 


Cooe  tne  length  of  tne  coat  as  a  two  digit  .number, 
ignoring  inches.  Tor  examoe,  5  ■. 5 '  11-1/2’  boat 
would  oe  coded  "15.  Tor  ail  accidents,  code  boat 
data"  for  the  aoprooriate  boat.  Tor  '“alls  overboard, 
tnis  would  be  tne  boat  that  tne  victim  left.  Tor  nit 
by  tne  coat  or  proo,  tnis  would  be  the  boat  tnat 
did  tne  hitting.  Unknown  =  83. 


Code  tne  cne  dig1*  num cer  tnat  cor^esooncs  to  tne 
ocat's  max-mum  width  \measured  to  tne  nearest  'cot. 
roundme  jo  from  6". 


j  -  jn<nowr 
9  1  oreat?'*  than 


Code  tne  ore  digit  tnat  best  cor^esooncs  w'tn  tne 
snaoe  o*  tne  scat's  null,  r '  nc  :ne  figure  belcw. 


C  3  Ceeo- ;  1  greate*"  tnan  r 

'■  =  8^**  i  -  i  1  less  tear  '?'■ 

2  3  Cut nedra  1  sr  tr-ru" 


r  =  mi.'oxr 


» 


Yari'aoie  Name 


ty -  'Qtion  and  Coc  “  *2  2-  -  •*'■  *  -  ""yc  z  ■ :» /~.  '• 

'ear  of  Manu-  Code  t re  ;.:-st  two  digits  of  toe  year  tna:  trie  tea- 

Mcture  of  Boat  was  mar,  a  Motored  (model  year).  Unknown  =  -B 

"yoe  of  Power  Code  one  digit  corresponding  to  the  t/c-  :* 
i  n  u  s  e . 

j  =  ,'t.ver :  '  »  Outboard:  2  =  I/C;  I  -  i  no: 

•5  =  Known 

Steed  Code  one  cigit  which  pest  corresponds  t:  ..  .a'  •  s 

Known  a Dout  tne  toat's  speec. 

51 -60  mpn 

unknown,  out  grec  ti'  *  *ar  ' 
Unknown.  Put  incr-at n :  steed 

Unknown 

unknown,  tut  dtcrea  .v:v  soee: 

■  ;  tne  teat  0  -  Nr- .  :  -  ves.  S  =  ur Known 

ve  a  TOtorwe*.  *. 

Code  fie  .-.ptrooriate  one  digit  code 

=  Cent -pi let  f-om  ending .  including  tne se  wner? 
i :  .not  certain  tut  tne  ana  ,ysr  is  tre't  .  *e . 

I  =  Ac-.-..  :e  steering,  cf  any  t/ce.  mciudir  ;  tr.;-. 
a'--':  ,t  it  not  certain  out  tne  an.-'.-.  ■.  -.  t  *e 
s  „  ’r  fc  . 


'.a '"able  Name 


nr c 


je.--  •  • '  Dtior.  and  Cod*' no  Instruct 


Course  Cnoose  trie  appropriate  one  aigit  code  *-or  toe 

decision  tree. 

*Note  :  Code  "No'1  if  tne  accident  happened  very 
quick'. y  ano.  mere  is  no  evidence  to  tne  cont^ar-, . 

Code  "ves‘  if  tne re  is  any  intentional  movement 
tne  stee-r-ir.c  wnee'i.  An  operator  who  must  ten  tne 
whee'  to  stay  on  a  neac'ng  (oecause  of  waves, 
is  intentionally  "changing  course”  wit”  -espec 
the  steer'nq  wneel . 

•Note  2.  Ccr  cooes  4  through  5  tne  ar.j'.  sp  must  decide 
the  best  fitting  code  when  more  than  me  may  apply. 

-or  example,  dynamic  instability  might  cause:  ty  a 
large  wave,  and  mmgnt  oe  oest  codec  a.  ?  in  tnat 
particu1or  case.  Great  care  snouic  :e  *a«er  meet 

jeCiS ions . 


/  > 

\ 


1 


r*  <r 


56  Powering  Choose  the  appropriate  two  digit  code  from  the 

37  Behavior  decision  tree  shown  below. 

Starting  the  engine  in  gear  is  not_  a  change  in 
throttle  setting.  "Cruising"  does  not  imply  that 
the  throttle  setting  was  over  3/4.  The  questions 
in  the  tree  refer  to  the  period  of  time  immediately 
or;or  to  the  accident,  not  several  minutes  before. 

The  word  "gunned"  _i_s  interpreted  as  a  high  throttle 
setting.  An  operator  who  is  attempting  to  get  a 
water  skier  up  is  assumed  to  be  at  full  throttle.  If 
the  analyst  knows  the  speed  in  mph  and  the  total 
weight  of  the  boat  +  people  +  gear  (approximately!, 
then  the  throttle  setting  can  be  obtained  by  using 
a  computer/calculator  program  which  can  be  obtained 
from  a  project  leader  (C.  Stiehl  .  P.  White,  or  ii. 
Whatley  -  see  Appendix  3;. 


Variable  Name 


,o i unn  s ! 


'  '•-ction  ar.c  Codin'-. 


People  on  Board  Coae  two  emits  for  the  number  of  people  or.  board 
the  boat  re  sure  to  riaht-hano  iustify;  i.e., 
code  ‘  as  'or  falls  overboard,  the  falls 

overcoa^o  victim's,  is  counted  as  one  of  the 
people  or  ooarc.  Water  skiers  are  not  counted 
as  ?03 ,  no’'  are  any  other  people  who  are  net 
->orr.  t r i s  coat.  3S  =  unknown. 


Acti vi tv 


Code  tr.e  aop'opoiate  digit  for  the  activity  at 
the  time  O’  *he  accident.  Water  skiing  includes 
the  coat,  the  skier,  manueverina  to  o-ck  up  the 
skier,  etc.  "Trying  to  take  of*  anc  get  water 
SKier  ud  =  Project  :eader  approval  must  be 
ootained  ■>  c-aer  to  use  a  "0". 


^  3  Sonetmr^  otner  than  tnose  or  tne  , ''s: 
but  -wav' 

'•  -  ^T  edeme  cruising,  going  *ron  one  o  ace  to 
anotne-,  etc. 


swim  no  i.o-ircipa:  icdvr 
she  coat  was  jrvee-w?. : 


dec*  .  or  Otner'Al  so 


ter  0 1  V’ 


:e  cicit. 


chjnr.e'  ,  etc.  .  "-'tor 

a r  a  -re at  , ,  swo 

nlet,  sour.c.  narpen. 
.It  water 


Cord"  f  on*  loom  too  -.:pr*.:  -,ace  cicit 


C  Z  r  _  '  1 A  r  *  0 r;  ri  Z  r  i 
"  *  3  '  r  Z)  £  ri ' 


Col umn(s)  Variable  Name 


Description  and  Godina  Instructions 


44 


45 


<16 


50 

5 ' 


Wind 


Number  of 
Recoveries 


Number  of 

Fatal ities 


Node  of 
Acceotancs 


0  =  Good 

1  =  Fair 

2  =  Poor 

8  =  Unknown 

Code  tne  appropriate  diait. 

0  =  None 

1  -  Light  (less  than  or  eq.  6  mph) 

2  =  Moderate  (7  thru  14  mph) 

3  =  Strong  (15  thru  24  moh) 

4  =  Storm  (25  mph  or  more) 

3  -  Unknown 

Code  with  one  digit  the  number  of  oeop’e  on 
the  boat  who  survived  the  accident,  where  "311 
means  unknown,  and  "9'  stands  for  more  than  7. 
Water  skiers  and  others  involved  in  the  accident, 
whether  from  this  boat  or  not,  are  in^uried 
here. 

Code  witn  one  digit  the  numDer  of  peode  on 
tne  boat  who  died  in  the  accident,  wnere  '2" 
stands  *or  unknown,  and  "9"  means  more  man 
7.  Water  skiers  and  others  involved  in  tie 
accident,  whether  from  this  boat  or  not  am 
included  here. 

NCTE:  Columns  45  and  46  snoulo  sum  to  at 
least  the  number  of  3OB ,  and  orobaol/  more. 

Code  ac  a  two  diait  number  the  noae  on  'me 
P°AM  act  "dent  decision  tree  wnere  tvs  accident 
was  accented. 


Operator  Sk ’ 1 1  ' 
Exoeri ence 


Ccae  three  dibits  *or  t n ; s  variacle.  'he  '•'•it 
d'.cit  cor'-esccnos  to  tne  ooerato^'s  exce^'ence 
in  this  particular  boat,  or  boats  of  thr's  type. 
_he  second  dibit  corresponds  to  the  ooeraton  s 
total  experience  m  boats.  TV,e  third  dibit 
corresoonds  to  what  is  known  about  the  for^a' 
boatma  safety  education  of  me  ooerator.  -pr 
examcle,  if  the  ooerator  nac  50  nours  c* 
experience  on  ooats  o f  tnis  tvoe.  '50  ncu-s  c* 
tota"  expedience  on  boats,  and  nad  nac  no 
forma'  coat'nc  safety  courses,  then  ne  vou’c 
be  coded 


i 


i 


A-  76 


Or'  U  Ci. 


Column (s)  Variable  Number 


Description  and  Coding  Instructions 


Rated 

Horseocwer 


a ted  Wei got 
aoacitv  ct 
OB 


Raced  Total 
weight  Caoacit; 


For  Experience  (This  3oati: 

0  =  Under  20  hours 

1  -  20-100  hours 

2  =  100-500  hours 

3  =  Over  500  hours 
8  =  Unknown 

For  Experience  (Total): 

0  =  Under  20  hours 

1  =  20-100  hours 

2  =  100-500  hours 

3  =  Over  500  hours 

4  =  Exact  number  unknown,  but  operator  is 

known  to  have  considerable  exoerierce 
8  =  Unknown 

For  Education: 

0  =  None 

1  =  USCO  Auxiliary  Course 

2  -  Power  Squadron  Course 
2  =  Ped  Cross  Course 

4  =  State  Course 

5  =  Other  Course  (including  professional  license 

6  =  More  t.nan  one  course 

7  =  Ves,  but  particular  course  unknown 

8  =  Unknown 

Code  three  digits  corresDondina  to  the  ratea 
horseoower. 

388  =  Up  Known 


Code  two  dia’ts  corresoondino  to  tne  rjteo 
weiaht  cf  the  oeoole  on  poara  (oersors  caoacityl 
divided  by  ID.  uc  to  a  ccae  of  SB.  "83"  is 
used  tor  unknown.  "89"  for  this  va^-able  means 
a  oersons  cacacity  of  from  10C1  to  1510  oounds. 
"99"  stands  £or  not  aoniicable  (boats  wnicn  are 
pro  rated  1  . 


Coce  three  digits  corresponding  to  the  rates 
total  weiont  capacity  of  tne  boat,  divided  tv 
1T.  "BBS"  stands  tor  unknown,  ana  "oc? 
means  not  aociicarle  'boats  which  are  rot 
rated'.  "^89"  is  usee  f0r  neats  whose  total 
we 1  on ■  capacity  exceeds  3870  oounds. 


i  O 


Variable  Name 


Oescrip tien  and 


,o  i  'jmn ,  s  / 


’c  Instructic' 


50 


Rated  Weight  Code  two  oiqits  corresponding  to  the  rated 
apacitv  of  weight  of  the  motor  divided  by  10.  "38" 

.he  Motor  stands  for  unknown,  and  "99“  stands  for  net 

applicable  (I/O.  inbeards).  If  the  motor  weight 
caoacity  is  unknown,  but  the  horsepower  capacity 
(outboard)  is  known,  then  the  following  codes 
will  be  used: 


Rated  horsepower  Motor  Weight 


weight  of  Gear 
on  3oard 


Capacity 

Capacity 

Code 

0 

to 

2 

25 

03 

2 

n 

to 

3.9 

35 

04 

4 

.0 

to 

7.  0 

55 

06 

7 

4  1 

to 

15.0 

75 

08 

’5 

to 

25 

’GO 

*  ,A. 

25 

to 

45 

1  55 

'  g 

45 

to 

247 

24 

3C 

* 

to  " 

5C 

“?  1  C 

-u  - 

32 

15C 

to  2 

50 

u. 

Code 

tne 

we- 

gnt  of  fe 

tear  cn  p 

:a-t  :-vi 

ded  by 

I  C  as 

3 

tiree  rumre^. 

-  ■  *  t  ~ 

we- ents 

of  al 

1  ' 

terns 

or  pcaro 

Other  *-jr 

fe  *ucp 

‘  e  arc 

the  mete 

r . 

388  =  ohKn 

own .  A  ;  £ 

x  *  t :.  . 

fS-T 

m:’ 

H ' 

Full 

tarn  appro*. 

i  r-  -  _  _ 

Small 

■ce  cr 

e  3  *  -  f  j  ' ' 

a  '  '  _  '  r.  ‘  * 

L3rne 

*  c 

»  :n 

est-  '  ■ 

A  2  - ;  "  "  ; 

Anchor 

A  ?C 

•  v-  J  •  . 

Batte 

r;, 

’•  4 

5  ".  ds  .  ' 

4nc"c 

r 

'  **  r* 

and  ofer 

*  n  (j.  • 

5  <  ’  e 

Li 

J^C  ;• 

:  a  '2  '  - 

c  ~0r  -  o  ' 

- 

c ;  <;  n  i 

r.c 

ecu- 

oment  hurr 

-r:  ecu -pr 

v :  ) 

"CJS 

and 

‘•av 

' caticna’ 

a ■  o s  .cr-t 

-  •:  i •  s 

t ' - . 

etc. 

;  a 

2S  . 

T  c  «  ,, 

*  L  .  • 

e  : 

terns 

On  ocarp 

r ,  3 

a  1 :  u  1  a  t 

tne  *61 o 

rt  - 

*  tear  cr. 

tca'0  u_  - 

0 '  '•  ows  : 

For  : 

hf*.  r 

lX  3  t 

s  ■:  r  f  3‘  : 

Ov  ;  *;  -  0  r- 

'  ?  jcp  ■ 

23  < 

= 

T  '  r  ~ 

*  *  ~  O  t;  v' 

or.  tcart 

-or  pcatr 
'35  <  -r- 


oncer 

’  p. 


Z‘z  1  ’ 


:r.  cca> 


-or  PC  i  03  n ' 

2  <  -~5  2 


-ere  fan  -  -  s  . 
■>:.  rear  on  oca' 


A-  7 


Variable  Nare 


Number  of 
Recoveries 


Number  of 
fatal  iti'es 


‘.ode  of 
Acceptance 


Operator  Sk.i1! 
experience 


Description  ana  Cedi  no  Instruct; ons 

Code  with  one  digit  the  number  of  people  on 
tne  ooat  who  survived  the  accident,  where  "8'* 
means  unknown,  and  "9"  stands  for  more  than  7. 
Water  sxi&rs  and  others  involved  in  the  accident, 
wnetner  from  this  boat  or  not,  are_  included 
here. 


Code  with  one  digit  tne  number  of  people  on 
tne  boat  wnc  died  in  the  acc'cent,  where  "S' 
stands  for  unknown,  and  "9"  means  more  than 
7.  Water  skiers  and  others  involved  in  tne 
accident,  wnetner  from  this  boat  or  not  are 
included  here. 


MOTE:  Columns  45  and  46  snould  sum  to  at 
least  the  number  of  POB,  and  probably  more. 

Code  as  a  two  digit  number  tne  node  on  the 
PRAM  accident  decision  tree  where  this  accident 
was  accepted. 

'  Code  tnree  digits  for  this  variable.  The  first 
digit  corresponds  to  the  operator's  experience 
in  this  particular  boat,  or  boats  of  this  type. 

The  second  digit  corresponds  to  the  operator's 
total  experience  in  boats.  The  third  digit 
corresponds  to  wnat  is  known  aDout  the  formal 
boating  safety  education  of  the  operator.  For 
example,  if  tne  operator  had  50  hours  of 
experience  on  boats  of  this  type,  150  hours  of 
total  expedience  on  boats,  and  nad  had  no 
formal  boating  safety  courses,  then  he  .-mm  ip 
Oe  cooed  i0 . 

NOTE:  For  operator  total  experience  fine  median 
of  eacn  ranee  c necked  in  the  experience  columns 
on  the  SAP,  ano  aaa  tne  two.  If  only  ore  experienc 
oigck  1  s  sr.own  on  BAR,  use  tnat  figure  for  total 
experience  and  3  for  experience  tnis  boat. 

For  experience  (This  Boat;: 

■1  -  Order  2b  r.ours 
:  -  20- ICC  nours 

2  -  1 00-EOC  nours 

i  -  Over  500  nours 

3  -  Unknown 


Variable  N a ne 


Description  and  Coding  In 
Leave  tnese  columns  olanK 


People  on  Board  Code  i>._.  ai  ii ts  £cr  the  number  of  people  on  oca 
the  boat  'to  sure  to  riant-hand  lust i f y ;  i.c*., 
code  1  as  ‘Cl  ').  For  falls  overboard,  the  fall 
overboard  victim's)  is  counted  as  one  of  the 
DeoQle  on  board.  Water  skiers  are  not.  counted 
as  POS,  nor  are  any  other  people  who  are  not 
from  this  boat.  38  =  unknown. 

Activity  Code  tne  anprcpoiate  digit  for  the  activity  a’ 

tne  time  of  tne  accident.  Water  ski  1 r a  include 
the  boat,  the  sk’er,  nanuevering  to  pick  jp  the 
skier,  :tc.  Trying  to  take  off  and  get  a  water 
skier  u,:  -  7.  Proiect  leader  approval  must  he 
obtained  ’>  order  to  use  a  "h". 

0  =  Someth*; no  other  than  those  on  tne  list 
'out  underway) 

1  =  Pleasure  cruising,  going  from  one  place  to 

another,  etc. 

2  -  F iso 'nc 

3  =  ranting 

d  ■  -later  ski  i no 

5  =  Skin  ti vine  or  swimming  (principal  art. -'v' tv- 

rut  at  the  moment,  the  boat  was  unde  -«a y 

6  -  Or.  ~  ■<  ■’  ; 

7  =  weaving  i  dock,  or  otherwise  lust  c-f 

unde rway 

3  •-  Not  underway ,  docked,  at  aneno-.  -  ‘tiro, 
weave  this  column  blank, 
water  Conditions  Coce  tne  appropriate  digit 

0  -  Ca  1  m 

2  -  Chopoy/ rough 

3  =  Swift  current 
J  -  Very  roucr 

3  -  Vnknown 


Leave  this  column  blank. 


Leave  this  column  blank. 


Variable  Mane 


Year  of  Manu¬ 
facture  of  Boat 

Type  of  Power 

5  seed 


Horsepower 

Motor  .'.e'cnt 


Desorption  and  Cod i no  Instructions 


Code  the  last  two  digits  of  the  year  that  tne  boat 
was  manufactured  (model  year).  Jnknown  =  33 

Code  one  digit  corresponding  to  the  type  of  power 
in  use.  "Otr.er"  includes  jet  boats,  air  boats. 

3  =  Otner ;  1  =  Outooara;  2=1/0;  3  =  Inboard; 

S  =  Unknown 

Code  one  digit  whim  best  corresponds  to  what  is 
known  about  tne  boat's  speed. 


-  1 0  mp  n 

5  =  51-60  mp h 

1-20  non 

6  -  jnknown,  but 

greater  than  60  mph 

1 -50  non 

7  =  Unknown,  tut 

increasing 

speed 

1 -40  mpn 

8  -  Unknown 

1-50  mpn 

9  -  Unknown,  cut 

decreasing 

speed 

Leave  this  column  blank 
^eave  mis  column  blank 
Leave  tnis  column  blank 

Code  me  norsepower  of  the  engine(s)  in  use.  If 
more  tnan  one  engine  was  in  use,  then  code  the 
combined  norsepower.  Round  down  to  the  nearest 
whole  number.  Unknown  =  838 

Code  tne  weign;  of  the  motor  (in  pounds).  Remember 
t.nat  ”63'  -..eans  unknown,  for  this  variable,  if  tne 
motor  weight  is  mown,  then  code  the  motor  weioht 
divided  by  10.  If  the  weight  is  not  mown.  but.  the 
manufacturer  is  known,  then  use  tne  outboard  olue 
dock  to  determine  tne  motor  weight,  if  tne  manu¬ 
facturer  is  not  known,  use  the  chart  below.  For 
decimals,  round  to  the  nearest  whole  number,  rounding 
up  for  C.5. 


MOTE:  COCE  7 HE  COMBINED  WEIGHT  IF  MORE  THAN  ONE 
ENGINE  WAS  USED. 


Motor  hp 

3.0-  4.3 

5.0-  9.3 

15.3 


Motor  Weight  ( 1 b ) 

30 
50 
60 
100 
135 
1 50 


.  c  u 


» 


» 


I 


Coiiifr.ru s)  Variable  Name 


Description  and  Coding  lost nict  . 


15 


Accident  Type 
(continued) 


1  =  coll i sion/grounding 

2  =  swamping/capsizing/flooding/sinking 

3  =  fires  and  explosions 

4  =  falls  overboard/fall s  within  the  boat 

5  =  struck  by  boat  or  propeller 

6  =  other 

8  -  unknown 


16  Boat  Type 


17  Boat  Length 

13 


a  oat  width 


Code  the  single  digit  that  corresponds  to  the  best 
description  of  the  boat  involved. 

1  =  high  performance  boat 

2  =  open  powerboat 

3  =  cabin  motorboat 

4  =  auxiliary  sail 

5  =  canoe/kayak  (powered) 

6  =  houseboat 

7  =  inflatable  (powered) 

8  =  unknown 

9  =  other 

Code  tne  length  of  the  boat  as  a  two  digit  number, 
ignoring  incnes.  For  example,  a  15'  11-1/2"  boat 
would  ne  coded  "15."  For  all  accidents,  code  boat 
data"  for  the  appropriate  boat.  For  falls  overboard, 
this  would  be  the  boat  that  the  victim  left.  For  hit 
by  the  boat  or  prop,  this  would  be  the  boat  that 
d i g  the  hitting.  Unknown  =  88. 

Code  tr.e  one  digit  number  that  corresponds  to  trie 
boat's  -  s  v  .'mem  width  (measured  to  the  nearest  foot, 
rounding  ,b  from  6". 

5  =  8  ft 

6  =  9  ft 

7  =  10  ft 
3  -  unknown 

9  =  area  ter  than  10  ft 


2/  lull  Shape 


Code  tne  one  digit  that  best  corresponds  with  tne 
shape  of  tne  boat's  null,  using  the  figure  r<  low. 

3  =  De°p-V  p  greater  than  13’] 

'  r  Semi -V  *  less  tnan  18’) 

2  -  Catnedrui  or  tri-hull 

3  =  FlotBottom 

4  =  Roundbottom 

5  =  Othe^ 

8  =  Jn known 


h  i  u  buiT.a 

01 

A1 aska 

02 

Ari zona 

04 

Arkansas 

05 

Cal i forn ia 

06 

Colorado 

08 

Co  I orado 

08 

Connecticut 

09 

Del  aware 

10 

Di  st.  of  Columbia 

11 

Florida 

12 

Georgia 

13 

r'  W  rl  'i  ’ 

1  5 

Idaho 

16 

Illinois 

17 

k  )  aPd 

18 

Iowa 

19 

Kansas 

20 

ventucky 

21 

Lou i s i ana 

22 

Maine 

23 

Ma rv I  and 

24 

Massac.nusetts 

25 

Michigan 

26 

Minnesota 

27 

Mississippi 

28 

Mi ssouri 

29 

Montana 

30 

Nebraska 

31 

Nevada 

32 

Mew  damps nire 

33 

New  Jersey 

34 

New  Mexico 

35 

Mew  York 

36 

North  Carolina 

37 

North  Dakota 

38 

On  io 

39 

Oklahoma 

40 

Oregon 

41 

Pennsyl vania 

42 

Rhode  Island 

44 

South  Carolina 

45 

Soutn  Dakota 

46 

Tennessee 

47 

Texas 

48 

w- 1  li  n 

49 

Vermont 

50 

Virginia 

51 

*asr i nytcn 

53 

West  Virginia 

54 

Wisconsin 

55 

•%  y  o  t  ■ .  i  r,  q 

56 

Unknown 

88 

Coast  Guard 
Controlled  Water 
But  Mot  a  State  63 


Leave  tnese  columns  olank 


Leave  these  columns  blank 


Enter  toe  .a^t  two  digits  of  tne  year  in  which  fne 
accident  occurred.  Unknown  -  68 

Leave  these  columns  olank 


Accident  T ype  Code  the  ^rjnary  (first)  accident  type.  For  example. 

if  tnere  is  a  collision  causing  someone  to  fall  out 
of  the  boat,  all  oeople  on  board  are  coded  as  victims 
of  a  collision,  not  a  falls  overooard.  Similarly,  if 
a  person  falls  out  of  a  johnboat  causing  it  to  capsize 
throwing  a  second  person  into  the  water  both  victims 
are  coded  as  falls  overboard,  since  that  was  tne  pri¬ 
mary  cause  of  the  accident.  Occasionally  more  t.iun 
one  accident  napperis  consecutively  in  time.  A  person 
mint  fail  overboard,  and  a  second  person  'coming  to 
nis  aid)  might  be  struck  bv  tne  boat  or  pr<v.. .  (lode 


APPENDIX  B.  POWERING  RELATED  ACCIDENT  MODEL  (PRAM)  CODING  INSTRUCTIONS 
FOR  NON-POWERING  RELATED  ACCIDENTS 

PRAM  Coding  Instructions 

Once  you  have  decided  that  an  accident  is  acceptable  for  PRAM,  then  nil  out 
one  row  on  the  coding  sheet  completely  for  that  accident  using  the  following 
instructions. 

CARO  I 


Column ( s )  Variable  Name 
01  Boat  Number 


Description  and  Coding  Instructions 


This  is  the  number  of  the  boat  in  our  sample.  It 
is  used  to  identify  the  accident  in  case  we  should 
ever  need  to  refer  to  it  again.  The  first  boat 
coded  into  PRAM  will  be  "001;"  and  the  next  will 
be  "002,"  etc.,  until  all  of  the  appropriate 
accidents  have  been  coded.  Each  time  an  acceptable 
accident  is  found,  it  should  have  the  next  sequential 
boat  numoer  written  on  it  in  bold  black  printing. 

All  accidents  involving  more  than  one  boat,  wherein 
more  than  one  boat  will  be  processed  through  PRAM, 
will  be  numbered  starting  from  900.  For  each 
accident  of  this  type,  skip  to  the  next  multiple 
of  5  for  the  starting  number.  Thus,  for  tne  second 
accident  having  more  than  one  boat  in  PRAM,  the 
boat  numbers  would  be  905,  906,  etc.  For  the 
third  accident,  910,  911,  etc.  Therefore,  for 
boat  numDers  under  900,  tnere  was  one  boat  per 
accident  with  a  powering-related  problem,  and 
for  numbers  over  899,  there  were  multiple  boats 
per  accident  with  powering-relateo  problems. 

For  two  ooat  collisions  in  non-powering ,  *se 
sequential  numoers  in  normal  order,  :.p.,  do 
not  use  9XX. 


Tout'd  By 


Tne  anal/st  who  codes  each  parties' in  acciden: 
should  enter  his  personal  one  digit  code  nere. 
Codes  are: 


0  =  Mark  Perry  4 

1  =  Fran  Orr  5 

2  =  Benny  Smith  6 

3  =  Chris  St i en’  7 

9  =  Bob  Douglas 

Leave  these  columns  blank. 


?ois  *nite 
Paula  White 
Gay  Parrott 
Nona  *.na  1 1  ev 


PRAM  PROGRAM  LISTING  (HP-9?) 

STEP  KEY  EMTRY  KEY  COOE  COMMENTS _ STEP  KEY  ENTRY  KLY  >: 


Imt  I  ri.M  ruci  ions 


Program  Description 


Program  Tift*  PRAM 

Nam*  C.  Christian  Stiehl 
Access  Wvle  Laboratories 


Date  ^  2 


State 


Z  c 


Coes 


Program  Oescnotion.  Equations.  VanaBiaa.  ate. 

This  program  serves  two  purposes.  First,  it  allows  the  analyst  to  input  the  rated 
and  mounted  horsepowers  for  a  boat,  and  calculate  the  critical  throttle  setting  i  in  term 
o:  ro;hrottl2i  which  must  be  exceeded  for  more  than  1/2  of  the  rated  horsepower  to  be 
m  use.  The  calculator  outputs  this  critical  throttle  setting  with  the  first  part  of  this 
urogram.  If  the  analyst  knows  that  the  throttle  setting  for  this  boat  in  the  accident  in 
question  was  less  than  the  calculator's  output,  then  the  accident  boat,  is  rejected  from 
the  PRAM  samole.  If  the  throttle  setting  execeeds  that  shown  on  the  calculator,  then 
t;:e  case  is  orocesaed  further  in  the  PRAM  decision  tree.  Example: 


Action 


Cutout:  Disolav 


P  r inter 


rat  e  ;  i-.p  i  ore  as  "A 

mount e:  Hp>  press  3 


12.  5 
0.  438 


25.  0 

'  z .  j 
2.  483 


1  he  secor.-:  tart  of  the  program  allows  the  analyst-  to  compute  the  throttle  setting  icr 
i  -....at  ola n.r.»  hull'  when  the  soeed,  total  boat  weight,  ana  mounted  horseoower  are 
/r.-.w  n.  Tins  imorrr.ation  is  used  to  determine  the  coding  for  the  Powering  Behavior 
*r  e  m  .-RAN..  The  analyst  inputs  ‘he  three  variables  listed  above,  and  the  calculator 
r.'.cut-*-  tr.e  tr.r  ittie  setting.  Examole: 


’utout: 


tnta.  we.gr.t) 
n ur.t cu  Ho- 1 


press  ‘  C 
o  r  e  s  s  "  R.  5 
ores?  ?.  S 


;r.at  tne  ooai  in  c  vie  scion  must  '.av^  oeen  a c  aear.v  .  ;v*otc 

.  *ne  stateo  ^oeed  tne  jraceo  enaine  size  iac  ratal  00.1? 


Cceratino  _  mn$  and  A/arnings  ^ 

.  ,r  oar'  •:  're  urogram  uses  one  relationship*.  <riHp-  r  ’  Throttle 

■>:  me  or~gram  ise-’:  Sneer:  -  !  do  SGP  T-’-V*.  H.oi  *r  !•*'  me  ::  :r,:S' 
roe  re  1  a  t :  ons  r.  id  state-:  aoove  to  uota.n  *r-e  ap  or  oxirr  a :  *  :rr  • 


^aifj r  1^ yr 


-rrr~ 


APPENDIX  B.  PRAM  THROTTLE  SETTING  PROGRAM 


"h's  orogram  was  designed  to  be  used  Dy  analysts  in  deciding  wnether  certain 
accidents  should  be  rejected  or  processed  further  in  the  powering-related  ac¬ 
cident  decision  tree,  and  in  tne  coding  of  some  accidents.  In  accidents  tnere 
are  cases  where  tne  throttle  setting  was  known  and  was  less  than  1/2  throttle. 
In  tnese  cases,  tne  program  will  help  with  the  decision  tree.  The  orogram  re¬ 
quires  knowledge  of  the  mounted  and  rated  norsepower  for  the  boat.  The  analyst 
muse,  upon  supplying  tnis  information  to  the  calculator,  decide  if  tne  boat's 
throttle  setting  exceeded  that  shown  on  the  calculator's  display.  If  so,  it  is 
processed  further  in  tne  decision  tree;  otherwise,  it  is  rejected. 


"re  first  part  of  the  program  uses  the  relationship  that  tne  percentage  c*  nor; 
power  ;n  use  is  approximate! y  equal  to  tne  percentage  of  full  throttle  setting 
raised  to  tne  2.5  power.  ~ r i s  relationship  can  be  expressed  as  shown  in  Equa¬ 
tion  '!/,  wnere  throttle  setting  is  replaced  by  rpm  (up  to  .maximum  recommended 
and  percentage  of  nerseoowe*-  in  use  is  replaced  by  the  norsepowe1'  in  use 
i'prco.  lead  curve  1,  and  K  is  a  constant. 


HP 


'D 


Tnis  relationship  nas  Deer,  s.nown  to  be  close  to  empirical  data  (see  Figure  5). 
1*.  will  allow  borcerline  cases  to  oe  processed  furnter  in  the  powering-related 
uccment  decision  tree  since  't  credits  tne  operator  with  using  slightly  mere 
"c-sep-ower  ; particularly  at  low  throttle  settings)  than  tne  emeries!  .a  .a 


"ht  second  part  o'  tnis  program  allows  the  analyst  to  cooe  tne  final  throttle 
;e*"n.’  for  tne  variable  "Powering  Behavior'  (columns  36  and  37)  wnen  tne  mount 
:  nertepowe1'.  speed,  and  tola’  weight  of  the  boat  are  Known.  This  part  z*  tne 
rrocrsm  uses  tne  approximate  relationship  snowr  in  Equation  (2)  to  calculate 
me  "erse power  in.  use,  and  uses  tne  relationship  shown  in  Eauaticr,  »v3 1  tc 


comou 


PRAM  Quality  Assurance  ^oceriures 


~r,g  accidents  mat  are  coded  into  CRAM  will  be  processed  to  two  analysts. 

'rat  is,  eacr,  individual  accident  report  will  be  cooed  by  only  two  oeooie. 

At  the  early  prases  of  ceding  (for  approximately  the  first  50  accidents' 
toe  analysts'  wo"'  wil'  ce  thoroughly  reviewed  Dy  the  project  leaders 
R.  I'.’r.ite,  \.  Mhat’ey,  C.  Stiehl)  for  quality  and  adherence  to  the  intent 
am  : rstruct'ors  of  the  model.  Thereafter,  a  sample  of  five  from  each 
orouc  c*  50  accidents  that  are  coded  will  be  reviewed  by  the  project  leaders. 

'wrier  a’’  of  the  accidents  nave  been  coded,  two  decks  will  be  independently 
►evDuncneo,  one  for  each  analyst.  Tnese  two  decks  will  be  compared  using 
Wv'le's  ’ Cnech  Decks'  program  to  find  keypunching  and  coding  discrepancies. 

“re  ci screpancies  will  oe  reviewed  by  the  project  leaders  and  analysts  to 
a**«*ive  at  a  consensus  toeing.  Tnen  botr  deexs  will  pe  corrected.  The  ‘"ina"! 
croquet  of  * r : s  procedure  wi1!  pe  two  complete  sets  of  coded  data,  rCatively 
•'■■oe  of  kevnurth'nc  e^- rs.  The  only  way  tnat  a  keypunchirg  error  could 
:  ir'.we  tr  s  o-o.:eduv'e  wou'd  ne  i  f  tne  exact  mistake  were  mage  twice 
independently .  "he  diagram  on  tne  next  oaae  gepicts  the  entire  process. 

Coding  Steps  for  PRAM 

'*  /cu  are  tne  analyst,  aoout  to  cooe  data  for  PRAM,  you  snould: 

1'  CnecK  with  tne  project  leaoers  to  make  sure  you  nave  the  correct 
samp's  cf  accioents  to  coce. 

Code  c1'  o£  tne  ’■eoui-ed  ir.^o rm.ee ion  or  the  data  sneet  for  the 
accident,  according  to  tne  instructions  on  previous  Daces,  arc 
consulting  with  tne  promote  leader  if  any  Questions  arise. 

1  When  vou  nave  completed  a  ore up  of  accidents  to  be  cooed,  ta*e 
me  compietec  cata  cneets  and  the  3ARs  that  were  accepted  to 
-•it  project  leaders  for  rpview.  Then  proceed  with  the  ne> t 
ir  ;r.  of  accidents  tc  be  processed. 

d  Mw-  errors  |f.;  mace  .'either  in  cooing  or  kevounemne'  tr' 

r.rr  -ect  '  aaoers  wl'l  review  tnese  wit.n  tne  analyst  ir  ore  er 
‘o  mare  vu~e  *r.,r.  the  correct  information  it  cooed  or,  tne 
computer  carg-,.  'ms  may  reaume  some  rereading  of  tne  BAP.t 
or  your  Dart ,  and  perhaps  some  recoding. 


uo  ■  iimn !  s 


Variable  Name 


i« 


.!  r> 
07 


No.  Of 
fatal i ties 
'Other  Vessel  (s)) 


Boat  Number 


Bonn boa t 


Boat  rt'eiqnt 


Description  and  Coding  Instructions 

3  =  Injuries  resulting  in  rore  than  24  nours 

incaoacitation,  ana  up  to  one  week 

4  =»  Injuries  resulting  in  one  week  to  one  .month 

of  incapacitation 

5  3  Injuries  resulting  in  one  to  six  mot;dns  of 

incapacitation 

6  3  More  than  s'x  months,  but  not  oermanent 

7  =  Permanent  disability,  but  not  blinaness 

3  3  Unknown 

9  3  Permanent  disability,  blinaness  or  blindness 
plus 

Code  tne  total  number  of  fatalities  on  the  other 
vessel's)  using  the  codes  oelow: 

0  «  0 

1  «  1 

2  3  2 

3*2 

4  =  4 

5  3  3 

rv  s.  r» 

'  j  \j 

-  n 

8  3  Unknown 

9  3  More  tear,  7 

CARD  2 


fnis  is  tne  3RAM  case  number 


Code  as  follows. 

0  3  Not  a  jonneoat 

1  3  Is  a  johnboat 

2  3  Is  a  bass  boat 

3  3  Unknown 


Code  the  weignt  of 
3S8  M.-ans  Uh Known 


:ne  cca:  ''only,  divided  oy  10 


999  Means  greater  than  10,000  lb 


> 


Y 


w 


:• 


Column ( s )  Variap'e  Name  Cescr '  tlor.  and  Coding  Instructions 

may  be  zero  damage.  The  code  "0"  should  not 
ce  usee  unless  the  analyst  is  certain  that 
there  we^e  no  damages.  If  no  information  is 
given,  ana  the  accident  was  a  collision, 
then  me  code  "7"  is  assumed.  THERE  IS  NO 
"UNKNOWN"  CODE  FOR  THIS  VARIAELE .  Consult 
witn  a  project  leader  if  you  feel  that 
"unknown"  is  tne  proper  code. 

0  =  No  carnage 

1  -  S', 'ant  damage,  scratched  gel  coat,  etc., 

S200  or  less 

2  -  Moderate  damage,  little  or  no  structural 

damage.  Perhaps  several  scratches  ana  a 
bent  oroo,  some  fiberglass  work,  etc.,  up 

to  SEOC 

3  =  Corsne"acl e  carnage,  some  structural  damage, 

•ibe-c! ass  and/or  interior  worx,  up  to 

C  90.00 
->  -  -  U 

4  -  Severe  carnage,  boat  may  be  a  total  loss, 

,ic  to  S40CC 

5  =  Severe  damage,  up  to  S60C0 

6  =  Severe  damage,  over  S60C0 

7  =  Some  damage,  but  extent  unknown 

Note  tnat  a  total  loss  of  a  .jonnboat,  for  example, 
micro  be  classified  as  "3",  or  even  "2,“  t f  it 
only  cost  a  *'ew  hundred  dollars. 

rn'ss  T-tner  Cone  -me  data  for  the  other  vessel  ($) 

/esse'  s'  in  f-  ;  i~~'  '-ft,  remembering  the  guidelines 

estaol i  •_  icd  'c  ■■  one  previous  coding  of  irsiuries. 

If  n0  one  .voS  ngured,  code  "0"  in  columns 
71  sr.rcucn  73. 


3  -  3 


•  ./••  nt.m 

}  -  ,."ir./  w .  ■  y  e  were  inguned 

Seve-'f  /  Is  .  .."ns  72  -  "least"  -,  and  73  -  "mess1 

7  -  ‘■‘-■r,'  ;.,s i  ar  -  cruises,  or  'ess,  no  treatment 
=  ,  c  -S'cn: ,  bruises  reauirina  treatm.ens 

2  -  '..-"f'c-s  •'tsultir:  in  24  hours  or  less  r: 

'  ■>  cacao  i  tat :  cn  — issing  wo  rx,  etc.; 


I 


» 


» 


I 


» 


> 


I 


21»L 


* 


Co i umn(s) 


Variable  Name 


Description  and  Coamg  ■ , s 


< 


For  experience  (Total): 

B 

0  =  Under  20  hours 

1  =  20-100  hours 

2  =  100-500  hours 

3  =  Over  500  hours 

4  =  Exact  r. umber  unknown,  but  operator  -is 

• 

.nown  to  have  considerable  experience 

8  =  Unknown 

f 

For  Education: 

u 

0  =  None 

1  =  USCG  Auxiliary  Course 

2  =  Power  Squadron  Course 

3  =  Red  Cross  Course 

4  =  State  Course 

• 

5  =  Other  Course  (including  professional  licenses) 

6  =  More  than  one  course 

• 

7  =  Yes,  but  particular  course  unKnown 

8  =  Unknown 

2 

52 

Rated 

Code  three  digits  corresponding  to  the  rated 

53 

Horsepower 

horsepower. 

54 

888  =  Unknown 

55 

Rated  Weight 

Code  two  digits  corresponding  to  the  rated 

56 

Capacity  of 

PCS 

weight  of  me  people  on  board  (persons  oaoac'ty) 
divided  by  "88"  is  used  for  unxrov n  39" 

• 

for  this  /aria Pie  means  a  persons  capi.c  .  ‘  of 
from  1001  to  1500  pounds.  "99"  stand  .  ■  not 
applicable  (boats  which  are  not  rate:  .  ;se 

- 

code  "37"  for  380  to  899  lbs.  and  m  .  ..ode  "96" 

• 

for  980  to  1000  lbs.  If  given  in  -  rhe*  cf 
persons,  multiply  oy  160  los. 

• 

57 

Rated  Total 

Code  three  digits  corresponding  to  ms  r.i;ed 

53 

Weight  Capacity 

total  weignt  capacity  of  the  boat,  divided.  ; ■/ 

59 

10.  "388"  stands  for  unknown,  and  "999"  mean-: 

• 

not  applicable  (ocats  which  are  not  rated). 

"839"  is  used  fo r  boats  whose  total  weicht 

9 

* 

capacity  exceeds  3870  pounds. 

• 

9 

• 

• 

3- 7  ... 

i 

Variable  Name 


Description  and  Coding  Instructions 


Rated  Weight 

Code  two  digits  corresponds 

g  to  the  rated 

Capacity  of 

weiqnt  of  the  motor 

divided 

k-/  i n  '‘op,( 

u /  i Ji  oO 

The  Motor 

stands  for  unknown. 

and  "99 1 

stands  for  not 

applicable  (I/O.  inboards). 

If  the  motor  weight 

capacity  is  unknown 

,  but  the 

horsepower  capacity 

(outboard)  is  known,  then 

th°  following  codes 

will  be  used: 

Rated  Horsepower 

Motor  Weight 

Capaci ty 

Capacity 

Code 

0.1  to  2 

25 

03 

2.1  to  3.9 

35 

04 

4.0  to  7.0 

55 

06 

7.1  to  15.0 

75 

03 

15.1  tc  25 

100 

10 

25.1  to  45 

1 55 

1 6 

45.1  to  30 

240 

24 

30.1  to  150 

315 

32 

150.1  to  250 

420 

42 

Weight  of  Gear 

Code  the  weight  of 

the  gear 

on  board  divided  by 

on  Board 

10  as  a  three  digit 

number. 

Include  the  weights 

of  all  items  on  board  other 

than  toe  peoDle  and 

the  motor.  388  =  Unknown. 

As  examples: 

(ESTIMATE) 


Full  gas  tank  (aporox.  40  lbs.) 

Snail  ice  chest-full  (0  10-25  lbs.) 

Large  ice  chest-full  (?  30-50  lbs.) 

Anchor  ( 3  2C  lbs. ) 

Battery  (@  45  1  bs. ) 

Anchor  line  and  other  line  (0  5  lbs.) 

Ski  equipment  (3  10  lbs.  per  pair) 

Fishing  equipment/hunting  eciuipment  and  catch  (0  25  lb 
?F0s  and  Navigational  Aids  (compass,  £'  asr.l  i cht ,  chart 
etc.  (h  15  lbs.) 

If  the  items  cn  board  are  unknown,  tnen  calculate 
the  weight  of  gear  on  board  as  follows: 

cor  ionnboats  or  0/B's  less  than  16'  use: 

2  5  y.  P0B  =  Wt.  (in  lbs.)  of  oear  on  board. 

For  ooats  16  fee t  or  longer  use: 

(25  x  PnB)  *  100  =  Wt.  (in  lbs.)  of  near  on  board. 

For  boats  with  more  than  4  P03  use: 

(10  x  PCS)  r  Wt.  of  gear  on  board. 


Column(s)  Variable  Name 


Description  and  Coding  In  struct  i  or. 

65  No.  of  Engines  1  =  1  Engine  in  use 

in  Use  2=2  Engines  in  use 

3  =  3  or  more  engines  in  use 
8  =  Unknown 

In  coding  the  damage  to  the  vessel ,  use  the 
code  that  corresponds  to  the  cost  of  --epairing 
the  vessel,  if  known;  otherwise,  use  the  code 
which  best  corresponds  to  tne  Known  damage. 

The  "cost"  refers  to  the  cost  at  tne  time  of 
tne  accident,  not  what  the  cost  would  be  today. 
For  example,  if  the  BAR  states  that  the  damage 
was  S 1 00  in  a  1970  accident,  DO  NOT  figure  the 
inflation  in  that  number,  but  code  it  as  is. 

The  cost  includes  any  significantly  valued 
personal  property  as  well  as  damage  to  use 
boat,  if  any  sucn  loss  is  reported  ( including 
the  loss  of  any  valuable  gear  that  may  nave 
been  on  board).  The  code  "0“  should  be  used 
only  when  "no  damage"  is  specifically  stated, 
and  not  when  such  boxes  in  a  BAR  are  left 
blank.  If  the  accident  is  a  fall  overboarc, 
with  no  subsequent  mishaps  (capsizinq,  etc.), 
then  assume  zero  damages  unless  there  is 
evidence  to  the  contrary.  For  collisions, 
fires,  and  capsizings,  assume  a  code  7 
if  no  damage  information  is  given.  THERE  IS 
NO  UNKNOWN  CODE  FOR  THIS  VARIABLE.  Consult 
with  one  of  the  project  leaders  if  yes.  fe^l 
tnat  "unknown"  is  the  proper  code  for 
particular  case. 

0  =  No  damage  (specifically  stated' 

1  =  Slight  damage,  scratched  gel  coo - 
S200  or  less 

2  =  Moderate  damage,  little  o r  no  .■*;  , jra' 
damage  oerhaps  several  scratch:.,  o-u.  i 
bent  prop,  some  fiberglass  wor<,  etc. , 

500  or  less 

3  =  Considerable  damaae,  some  struct'. r g' 
fiberglass  and/or  interior  work, 

4  =  Severe  damage,  boat  may  be  a  total  lot;. , 
$4000  or  less 

5  =  Severe  damage,  56000  or  less 

6  =  Severe  carnage,  over  $6000 

7  =  Some  damaae,  but  extent  unknown 

For  the  first  digit,  code  the  number  of  oenole 
who  were  injured  (do  NOT  include  those  .-/ho  f-'oc 
For  the  second  digit,  use  tne  code  cor res pom  in 
to  the  ’east  severe  injury  among  +rose  wnr  v/e^e 


i m ur l es 
~his  Vessel 


be 


66  Damage  to 

This  Vessel 


Variable  Name 


injured.  For  the  third  digit  code  the  most 
severe  injury  among  those  who  were  injured. 

If  only  one  person  was  injured,  then  the  least 
and  most  severe  codes  should  be  the  same.  If 
no  one  was  injured,  then  use  0  for  the  least 
severe  injury  and  for  the  most  severe  injury. 
Injuries  include  burns,  broken  limbs,  effects 
of  exposure/hypothermia,  etc. 

No.  of  People  Injured  (Column  67) 

0  =  0 
1  =  1 
2  =  2 

3  =  3 

4  =  4 

5  =  5 

6  =  6 

7  =  7  or  more 

8  =  Unknown 

9  =  Unknown,  put  some  were  injured 

Severity  (Column  68  -  "least11  -  and  69  -  "most") 

0  =  Minor  cuts  and  bruises,  or  less,  no  treatment 

1  =  Cuts,  abrasions,  bruises  requiring  treatment 

2  =  Injuries  resulting  in  24  hours  or  less  of 

incapacitation  (missing  work,  etc.) 

3  -  Injuries  resulting  in  more  than  24  hours 

incapacitation,  and  up  to  one  week 

4  =  Injuries  resulting  in  one  week  to  one  month 

or  incapacitation 

5  =  In  juries  resulting  in  one  to  six  mor  :..hs  of 

incapacitation 

6  =  More  than  six  months,  but  net  permanent 

7  =  Permanent  disability,  but  not  blindness 
3  =  Unknown 

9  =  Permanent  disability,  blindness  or  blindness  plu 

Ca,-age  to 
tt'i or  Vessel  '  s ) 


As  before,  the  loss  of  Dersonal  property  or 
gear  is  included  as  damaoe.  Uncompl i cated 
falls  overboard  resulting  from  a  collision 


Use  the  code  that  best  describes  ^he  damage  to 
tne  other  vessel (s)  in  this  accident.  NOTE : 

If  the  otner  vessel (s)  in  this  accident  are 
also  in  PRAM,  then  code  "90000"  in  columns  70 
t.hrougn  74.  If  there  is  no  other  vessel  (si  in 
this  accident,  otner  than  the  one  being  coded, 
then  use  "COOOO"  in  columns  70  through  74. 


8-10 


Col umn(s’ 


Variable  Name 


Injuries  (Other 
Vessel ( s) ) 


Description  and  Coding  Instructions 

may  be  zero  damage.  The  code  "O'1  should  not 
be  used  unless  the  analyst  is  certain  that 
there  were  no  damages.  If  no  information  is 
given,  and  the  accident  was  a  collision, 
then  the  code  "7"  is  assumed.  THERE  IS  NO 
"UNKNOWN"  CODE  FOR  THIS  VARIABLE.  Consult 
with  a  project  leader  if  you  feel  that 
"unknown"  is  the  proper  code. 

0  =  No  damage 

1  =  Slight  damage,  scratched  gel  coat,  etc., 

$200  or  less 

2  =  Moderate  damage,  little  or  no  structural 

damage.  Perhaps  several  scratches  and  a 
bent  Drop,  some  fiberglass  work,  etc.,  up 
to  $500 

3  =  Considerable  damage,  some  structural  damage, 

fiberglass  and/or  interior  work,  up  to 
$2000 

4  =  Severe  damage,  boat  may  be  a  total  loss, 

up  to  $4000 

5  =  Severe  damage,  up  to  $6000 

6  =  Severe  damage,  over  $6000 

7  =  Some  damage,  but  extent  unknown 

Note  that  a  total  loss  of  a  johnboat,  for  example, 
might  be  classified  as  "3",  or  even  "2,"  if  it 
only  cost  a  few  hundred  dollars. 

Code  the  injury  data  for  the  other  vessels) 
in  this  accident,  remembering  the  guidelines 
established  for  the  previous  coding  of  '.'’.juries. 

If  no  one  was  injured,  code  "0"  in  cr-:  ..ms 
71  through  73. 


4 

5 

6 

7  or  more 
Unknown 

Unknown,  but  some  were  in. -juried 


Severity  (Columns  72  -  "least"  -,  and  73  -  most  ) 

0  =  Minor  cuts  and  bruises,  or  less,  no  treatment 

1  =  Cuts,  abrasions,  bruises  reauirina  treatment 

2  =  Injuries  resulting  in  24  hours  or  less  of 

incapacitation  (missing  work,  etc.) 


Variable  Name  Description  and  Coding  Instructions 

3  =  Injuries  resulting  in  more  tnan  24  hours 

incapacitation,  and  up  to  one-  week 

4  =  Injuries  resultinn  in  one  week  to  one  rncntn 

of  incapacitation 

5  =  Iniuries  resulting  in  one  to  six  months  of 

incapacitation 

5  =  More  than  s’x  mcntns,  but  not  permanent 

7  =  Permanent  disability,  but  not  blindness 

8  =  Unknown 

9  =  Permanent  disability,  blindness  or  blindness 

plus 

*jg t  of  Code  the  total  number  of  fatalities  on  the  other 

Fatalities  vessel (s)  using  the  codes  below: 

(Other  Vessel  (s)) 

0  =  0 
1  =  1 
2  =  2 

3  =  3 

4  =  4 

5  =  5 
6=6 

7  =  7 

8  =  Unknown 

9  =  More  than  7 


Leave  tnese  columns  blank. 


CARD  2 


Soat  Number 


This  is  the  PRAM  case  Number 


Johnboat 


Code  as  follows: 

0  =  Not  a  johnboat 

1  =  Is  a  johnboat 

2  =  Is  a  bass  boat 

3  =  Unknown 


float  weight  Code  tne  weiunt  of  the  boat  (only)  divided  by  10 

383  means  unknown 

999  means  greater  tnan  1G,OGO  lbs 


> 


END 
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